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The Standardization of Surgical Services 


by J. V. MeKENNA 


Assuciate Professor of Industrial Engineering, Syracuse University 


Tue standardization of surgery-has been a topic of dis- 
cussion among surgeons for about forty-five years. Dur- 
ing this time, about nine articles on the subject have been 
published by reputable medical journals on this continent. 
These articles range from speculation as to the probable 
advantages of standardization to a variety of attempts to 
analyze the situation experimentally. 

The earliest proponents of standardization in surgery 
seem to have anticipated its major advantages rather 
well. 


1. Determination of the best method of doing things (2) (5) 
(6). 
2. Universal usage of the best method (2) 
3. Reduction of operative time (3) (5) 
4. Reduction of risk through: 
a. Reduced span of concentration (3) (6). 
b. Greater mndividual skill (3) (6). 
¢«. Improved teamwork (6) (9) 
. Greater facility im traiming surgeons (3) (5) (6) (8). 
Financial economy (5) (6) 
. Reduced fatigue (6) (8) 
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These advantages if only partially realized, would be well 
worth the cost of achieving them. Despite the forty odd 
years which have passed since the idea was first brought 
forward, however, little standardization has been accom- 
plished. Aside from a few procedures which are per- 
formed in about the same way everywhere, methods 
differ greatly from one surgeon to another, or at least 
from one medical school to another. There are often half 
a dozen ways of carrying out the same procedure and 
apparently little concern that one of them may be much 
superior to all the others. 


RESERVATIONS ABOUT STANDARDIZATION 


The major objections raised by surgeons to any at- 
tempt to analyze surgical techniques may be listed as fol- 
lows: 


1. There is no “best” way of performing a surgical operation. 
(Cases differ and so do surgeons. Different methods are made 
necessary by the different conditions under which surgery is 
carried out 

2. Speed-up is not consistent with the welfare of the patient. 
The purpose of surgery is the welfare of the patient. It cannot 
be sacrificed to save time. Everything which ought to be done 
must be done and done carefully. 
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3. The time to be saved is not of great consequence either to 
the patient or to the surgeon. Anesthesia is improving, surgi- 
cal shock is being reduced and even in complicated procedures 
like open-heart surgery, the blood-oxygenator provides ade- 
quate time for complicated repairs. 

4. The advantages to be gained from standardization are only 
speculative. They have never been properly demonstrated 


COMMENTS REGARDING RESERVATIONS 


It is not difficult to argue with most of these views on 
purely logical grounds. Perhaps the best arguments may 
be summarized as follows: 

With regard to method, the Industrial Engineers reason 
that if there are several ways of doing the same thing, 
all are not likely to be equally good. They, therefore, 
advise taking the better elements from each of the 
methods extant to construct a new method which should 
be better than the others. Then everyone should use this 
“best” method. In general, the surgeons seem to appreci- 
ate this argument but contend that the different tech- 
niques for performing the same surgical proeedure are not 
really for doing the same thing. The patients are differ- 
ent, the surgeons are different, and the anomalies they 
are seeking to correct are different from one patient to 
another. Not only this, but often the exact nature of the 
anomaly is only revealed by surgery so that previously 
made plans have to be revised. Thus, it is desirable to 
have half a dozen ways from which to choose. 

On the other hand, there have been prominent surgeons 
who have argued that there is one best way of carrying 
out a surgical procedure. Lawrence and Berry stated 
quite unequivocally that, “We believe that there is one 
best way of performing a surgical operation” (6). Along 
the same lines, McCarty wrote, “It is advisable in addi- 
tion to standardize every motion procedure so that a 
fixed type of operation can be used in every case in which 
variations from predetermined technic are not indicated” 
(8). 

It is worth pointing out in regard to the one best 
method argument, that a surgical procedure, like any 
manual activity, is made up of a number of elements. 
How large these elements are depends upon how finely 
the operation is divided. For some purposes, it may be 
divided into four elements, preparation, dissection, re- 
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pair and cleanup. For other purposes, it may be divided 
into literally hundreds of disparate units, such as retract, 
suture, etc. Some of these small units of work may be 
performed in dozens of ways. Take suturing for example, 
one may decide to use intermittent or continuous suturing 
or select from a variety of suturing materials. No en- 
gineer can specify which is best in a given case. That is 
the job of the surgeon, but when the choice has been 
made, what is the best set of motions to perform the de- 
sired function? That is the job of a work analyst and it 
needs a professional. If standard surgical techniques are 
possible, they will be combinations of best methods for 
performing small elements of work. But, whether they are 
possible or not, it may still be worthwhile to seek out the 
best way of performing the elements. 

Objections to standardization on the grounds that it 
encourages speed-up can be sustained only on the basis 
of ignorance of the true purpose of standardization. 
Speed-up implies haste. It suggests speed as an end in 
itself or as a means of financial economy without regard 
for care, safety or even the performance of a complete 
job. Far from encouraging speed-up, standardization pre- 
vents it. Webster defines a standard as “that which is 
established by authority, custom, or general consent as a 
mode or example .. . that which is proper and adequate 
for a given purpose” (12). Thus, the first requirement of 
a standard is that it be proper and adequate for the 
purpose intended. Thus, where slowness and deliberate- 
ness seem appropriate in the interest of safety, proper 
standardization would recommend it. Previous investiga- 
tors in this field are in complete agreement on this sub- 
ject. Gilbreth writes, “In no way does the increased 
efficiency due to motion study ‘speed up’ the surgeon nor 
give him more to think about at critical times” (3). Re- 
garding the same point, Lawrence and Berry wrote, “We 
especially wish to note that this is not a speed-up but 
rather, a case of ‘no haste, no waste’ and that the time 
saving comes entirely from the economy of motions and 
improved sequences without increase in the rapidity of 
any motion” (6). 

The argument that the amount of time which can be 
saved is not of consequence either to the patient or to the 
doctor, is based on a number of assumptions: 

1. The amount of time to be saved has been estimated with 

some accuracy. 

2. That the principal purpose in saving time is to shorten the 

operation 

3. That time is the only saving involved 
None of these assumptions are entirely warranted. Some 
authorities have ventured a guess at the amount of time 
likely to be saved, “more than 10%” (5), but never has 
an estimate of the time to be saved, accompanied by a 
measure of its reliability, been worked out. Thus, any 
attempt to place a value upon the time to be saved is 
premature. Certainly a substantial reduction in the time 
required to perform an operative procedure would be of 
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value to the patient and even a quite small saving of time 
might make the difference between success and failure in 
a few critical cases. However, the main purpose of saving 
time is not to reduce the length of the operation but to 
make possible more surgery in a given length of time, 
deliberate careful work where it is needed, and time for 
more rest, more analytical work, and a more complete 
and careful job generally. 

The final argument that the advantages to be gained 
through the standardization of surgery have never been 
demonstrated, is more difficult to answer. One may say 
that they are professional opinions of surgeons stated in 
their best technical publications. There is considerable 
agreement among them, but some differences also. The 
facts to support their views are not conclusive. Take, for 
example, the question of supply tables. In 1939 Lawrence 
and Berry (7) recommended: 


1. Dividing the imstrument supply tables into two units, one for 
instruments and the other for supplies. 

2. Using special semi-circular tables with their total area within 
the user's normal grasping area 

3. Re-arranging the various tables in the operating room to facil- 
itate the free flow of supplies and instruments from the nurses 
and back again 


They provided diagrams of layouts for three general 
classes of operations. These changes were designed to: 
a. minimize reaches and moves, b. encourage the syn- 
chronous use of both hands, c. enable the whole surgical 
team to face the operative field continuously and d. re- 
duce fatigue. 

McCarty says of the Lawrence and Berry arrangement, 
“Although theoretically an ideal plan, the system seems 
to restrict the free area about the operative field when 
more than one surgical assistant is used, and the supply 
nurse seems to be placed dangerously near the anes- 
thetist” (8). The divergent views of these men regard- 
ing layout are given quite simply as opinions. Neither 
attempted to support his views with data. Nevertheless, 
Lawrence and Berry and McCarty seem to. have pro- 
duced the best investigations in the field so far. The 
observation that their conflict over layout seems to be 
based on opinion rather than substantial data can be 
applied equally well to all the work done in this field, a 
short resume of which is given in the abstracts from 
American references at the end of this article. What 
seemed to be needed is a scientific method for analyzing 
surgical operations. | 

In a recent article in a British medical journal, Sir 
James Patterson Ross comments upon this need (13): 

Trotter pointed out very clearly the conflict that exists is be- 
tween a practical art like surgery, success in which depends upon 
judgment, intuition and skill, and the exactitude of science which 
demands the elimination of the human faculty. Yet this conflict 
must not be made the excuse for failing to make clinical methods 
as accurate as possible. The clinical scientist has to attempt to re- 


solve the conflict by devising methods of investigation, the results 
of which can be correlated with clinical observation. 
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Motion study is one such method. No informed person 
will argue that it is perfectly adequate but it has been 
steadily improved and is capable of further development 
to fit special needs. 


THE KINDS OF EXPERIMENT NECESSARY 

The analysis of a surgical service is not a simple thing. 
So many activities are involved, so many facilities, so 
many people, all from different levels in the hospital 
hierarchy and outside, and all with their own special in- 
terests which often seem most important to them. Some 
of the things which ought to be analyzed are the follow- 


ing: 

1. Efficient use of the surgical service; schedules, cancellations, 
delays between operations, preparing and cleaning up the 
operating room. 

2. Physical facilities and their arrangement; the arrangement 
and design of rooms—operating room, scrub room, radiological 
and pathological facilities; design and arrangement of tables, 
stands, and other ancillary equipment; design and arrange- 
ment of instruments 

3. Preparation of the patient; positioning, draping, anesthesia, 
etc. 

4. Delays in surgery; teamwork, communications, pre-operative 

planning, training of assistants, ete 

Perfection and standardization of surgical techniques ; the hal- 
ance of work between surgeons and assistants, the balance of 
work between the hody members of the surgeon, ete. 
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Some of these studies will be gross, mechanical and 
routine. Methods adequate for investigating the efficient 
use of the surgical service, the physical facilities and 
their arrangement, and the preparation of the patient 
are already available to us. Micromotion study in its 
present form seems nearly adequate for studies leading 
to the standardization of surgical techniques. However, 
there exists a serious lack of methods adequate for isolat- 
ing the subtleties of teamwork and communications. In 
this area, creative work of the highest order will be 
needed. 


PROFESSIONAL METHODS ANALYSTS NEEDED 


The surgeons need not and should not attempt methods 
analysis on their own. During an operation, the surgeon 
must concentrate on the task at hand. He has no time to 
think of the generality of such operations, to observe the 
movements of his assistants or to speculate upon the 
origin and causes of delay. He is a part of a surgical team 
and of the communication system which enables it to 
function. He cannot stand back to observe either im- 
personally. In additon, methods analysis requires special 
interests and special techniques. The function to be 
studied will demand not only all the know how, but all the 
ingenuity and creative ability of the professional methods 
analyst. 

As an example of the kind of problem involved, we may 
consider the relationships which exist between teamwork, 
communications, authority and method as they apply in 
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the operating room. In this regard, Temple Burling writes 
as follows (11): 

What is actually happening is that the changing needs of the 
patient as they develop in the course of the operation, determine 
what everybody does. When the surgical team has worked long 
enough together to have developed true teamwork, each member 
has such a grasp of the total situation and of his role in it, that the 
needs of the patient give unequivocal orders. This is the highest 
and most efficient type of cooperation known. It is so efficient that 
it looks simple and even primitive. It is possible only where every 
member of the team knows not only his own job thoroughly, but 
enough about the total job and that of each of the other members 
to see the relationship of what he does to everything else that 


goes on. 


It is apparent that this type of cooperation can be 
achieved only under circumstances where each member 
of the team is able to perceive for himself the changing 
needs of the patient. This would seem to imply that each 
member of the team should have an uninterrupted view 
of the patient and the instruments which record his physi- 
eal condition. Lawrence and Berry agree, “An operation 
should have the continuous undivided attention of the 
whole operating team. It should not be necessary for any 
of them to turn around at all” (7). Temple Burling 
states that this degree of cooperation is based upon every- 
one knowing his own job, the total job, and that of each 
of the other members of the team. It is developed through 
working together. Unfortunately the opportunity to work 
together as a surgical team is not easily come by in the 
large modern hospital. Thus, a standard technique would 
seem to be a shortcut toward the kind of cooperation that 
seems desirable. Here, again Lawrence and Berry agree, 
“Good teamwork can only be expected if all understand 
the same technic” (6). There are many things that one 
would like to know about this relationship. Would the 
adoption of a standard technique make possible the 
achievement of a higher level of teamwork? What effect 
would it have upon the amount of practice a team 
needed? How often is this ideal of communication 
achieved, and when it is not, what takes its place? What 
conditions encourage it? What conditions inhibit it? 
These are questions which cannot be answered from 
present knowledge nor even with present analytical tech- 
niques. The engineer who chooses to specialize in the 
study of surgical techniques will have to learn to work on 
two frontiers at once. On the medical frontier, he will 
attack each problem with the best analytical tools avail- 
able. On the engineering frontier, he will try to develop 
the new tools needed to solve new problems. He will need 
creative genius more than mere technical competence. 

The basic problem is an old one; to prove that stand- 
ardization is appropriate in an area of manual activity 
where its potential is not immediately apparent. But 
standardization has been proven useful in hundreds of 
such areas. It is not long ago that standards in main- 
tenance were considered impractical. Now they are fairly 
common. In surgery there is understandably a little more 
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reluctance to begin and it seems reasonable to expect that 
more solid proof will be needed for acceptance. But the 
cumulation of a series of well-designed and well executed 
experiments will ultimately provide the answer one way 
or the other. And the answer is worth obtaining now. 
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standardization in surgery. “For the simple abdominal in- 
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:. who has run a long course of tests? In stitching and tying. 

3 have we settled what are the swiftest motions as a peasant 

7 lacemaker has or do we ever go into training for correct 

form?” He points out that standardization is necessary in 

order to: 1. determine what is the best method of doing 
things, 2. promote the universal usage of the best method, 
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a men; Gilbreth, Tavlor and Dickenson. 
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F. W. Taylor believed “That the surgeon was the best 

y mechanic and the best teacher of learners of anyone in any 

| craft.” Gilbreth reports that his recollection from more than 

200 important operations which he observed, was at vari- 

ance with Taylor's viewpoint. Nevertheless, he writes that 

“We proceeded to investigate the hospital from the stand- 

point of transference of skill, motion study, and measured 

functional management, that we might learn any advance 
methods of teaching the trades for use in connection with 
our work of installing scientific management 

“After visiting some of our most prominent hospitals, we 
found that the surgeons could learn more about motion 
study, time study, waste elimination, and scientific man- 
agement from the industries, than the industries could learn 
from the hospitals. We then and there, decided to make 

& Vigorous campaign to revolutionize the present methods 

of hospital management and to teach surgeons our methods 

of motion study, that waste in the transference of skill in 
surgery might be eliminated and that the best methods in 
the mechanical trades of the industries might be available 
and at the service of the surgeon and the managers of hos- 
pitals.” 

Gilbreth remarks about the great number of special tools 


used in surgery, and especially the unusual ones designed 
by surgeons themselves. He points out that this great multi- 
plicity of tools makes it difficult for anyone to become 
highly skillful in their use. “Great practice with compara- 
tively few tools is one of the laws of the most efficient use of 
tools.” 

Gilbreth remarks also about the lack of standardization 
in surgical technique. He implies that the main benefit of 
standardization would be the greater facility made possible 
in the training of new surgeons. He then goes on to describe 
the process of work measurement as it may be applied to 
surgery. He is quite certain that “the motions of the surgeon 
are then the units to be measured.” 

Gilbreth points out that “In no way does the increased 
efficiency due to motion study ‘speed up’ the surgeon, 
nor give him more to think about at the critical times.” 
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A report by two medical doctors of some elementary 
methods work performed by them in the operating room 
They are sold on systematization or standardization for the 
same reasons that Dickenson was. In addition, they point 
out that “with the large service of the present day (1917), 
the complicated methods of diagnosis, the large staffs and 
the rapid turnover, systematization has become essential.” 

The article goes on to explain the work done by the 
authors in three areas: 1. The analysis of operative results, 
2. Arrangement of work in the wards, 3. Operative tech- 
niques. The movements of nurses were analyzed using flow 
chart principles and economies were effected by rearranging 
the room, replacing small instrument tables with larger 
ones and by providing instrument tables of adjustable 
height. A hand signal system was adopted to facilitate 
communication between the surgeons and the instrument 
nurse. 
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Surgery,” American Journal of Surgery, Vol. 41, No. 3, 
September, 1938, pages 371-372. 

This is an editorial rather than an article introducing 
“The first of a series of papers on improvements of surgical 
technic and operating room management, based on studies 
of motion and efficiency,” by Doctors W. H. Lawrence and 
C.H. Berry. 

The author points out that despite the great improve- 
ments in manufacturing procedures resulting from motion 
study in industry, the surgeon “has maintained his right 
to follow his personal methods, to train his assistants in 
those methods, and to use whatever instruments, supplies 
and technics he found advisable.” The result has been that 
a. It is impossible to determine for a given condition which 
surgical technique is best. b. The procedures used are unnec- 
essarily economically wasteful and inefficient. c. Personally 
trained assistants find difficulty working with others. d. A 
wasteful reduplication of instruments. e. Repeated changes 
in the operating room. f. An excess of assistants and nurses 
are needed. He points out that “Few scientific studies have 
ever attempted to simplify the myriads of procedures, find 
their common denominator and evolve a best way for the 
performance of each step.” 


(6) Lawrence, W. H., M.D. anv Berry, C. H., M_D., “Rhythmic 


Surgery,” American Journal of Surgery, Vol. 41, No. 3, Sep- 
tember, 1938, pages 393-398. 

Doctors Lawrence and Berry believed that, “Success in 
any field where manual movements are required, is marked 
by outstanding rhythm (measured and balanced move- 
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ments).” They, therefore, became personally competent in 
micromotion analysis and made studies of appendectomies 
for the stated purposes of a. eliminating unneccessary mo- 
tions, b. making the motions used more effective, and 
c. building up a sequence of motions for maximum effi- 
ciency. 

This appears to be the first actual-use of micromotion 
study to analyze surgical procedures. Doctors Lawrence and 
Berry perceived a problem and sought out a method for 
solving it. Perhaps their final opinion is given in the first 
page of their article, “We now believe that all surgeons can 
achieve real skill and true rhythm through motion study of 
their own activities; thus we are convinced that the practice 
of motion economy as applied to industry should be widely 
used in surgery.” 


(7) Lawrence, W. H., M.D. ano Berry, C. M_D., “Rhythmic 


Surgery: Arrangement of the Operating Room,” American 
Journal of Surgery, Vol. 43, No. 3, March, 1939, pages 669- 
674 

The second article by Lawrence and Berry deals with the 
arrangement of the operating room. It recommends: 1. The 
operating room should be of ample size. 2. A separate room 
adjoining the operating theatre should be used for the 
administration of anesthetic in order that the patient may 
be moved into the already prepared operating room rather 
than having the arrangement assembled about the operating 
table after the patient has been brought in. 3. The instru- 
ment and supply tables should be redesigned in order to: 
a. minimize reaches and moves, b. encourage the synchro- 
nous use of both hands, c. enable the whole surgical team to 
face the operative field continuously, d. reduce fatigue 
4. The instrument and supply tables should be divided into 
two units in order to provide for nurse training under the 
supervision of a registered nurse. 5. The tables for instru- 
ments and supplies should be symmetrical and with their 
contents so laid out as to facilitate the almost equal use 
of left and right hands. 6. The instruments should be kept 
in a fixed location in order to avoid searching thus enabling 
the surgeon to keep his eves on the operative field. Com- 
monly used instruments should be pre-arranged for the 
surgeon to pick up for himself. 7. The instruments to be 
picked up by the instrument nurse should be pre-arranged 
so that she may pick up the instrument she wants auto- 
matically without looking for it 


(8) McCarty, Franxurx B, “Motion Study in Surgery,” 


American Journal of Surgery, Vol. 65, No. 2, August, 1944, 
pages 197-209 
The preceding articles may seem quite ancient but the 


present one by Franklin B. McCarty, M_D., is of World 
War II vintage and modern by any standards. 

McCarty explicitly recommends the standardization of 
surgical technique on at least seven specific occasions. The 
extent to which he would carry standardization is quite 
clear from the following quotations: 1. “It is advisable, in 
addition, to standardize motion procedure so that a fixed 
type of operation can be used in every case in which varia- 
tions from predetermined technic is not indicated. Failure 
to adopt and carry out a repetitive technic in any one kind 
of operation may mean that no outstanding method has 
been developed or may indicate lack of thorough organiza- 
tion of a surgical group.” 2. “Fixed types of operation can 
be applied to large groups of cases. These should be specified 
and carried out uniformly by the entire surgical service 
and variation or additions should be considered and dis- 
cussed by the group before being introduced by an indi- 
vidual member.” 3. “No single time standard can be set 
for different men but use of uniform methods will permit 
each man to complete the work in the shortest time com- 
patible with his talents.” 4. “A standard method of skin 
preparation, positioning and draping should be adopted.” 
5. “Proper training should begin the first day the young 
interne begins his training in operative surgery and it 
important that they not be permitted to practice methods 
which must later be unlearned.” 6. “Material such as 
sponges, pads, sutures should be reduced to the smallest 
variety that will adequately serve the purpose.” 7. “Instru- 
ments should be the simplest in design and fewest in num- 
ber that will permit carrying out of the entire procedure.” 

(9) McKenna, Josern V.,“The Case for Motion and Time Study 
in Surgery,” American Journal of Surgery, Vol. 4, No. 5 
November, 1957, pages 730-734. 

(10) E., “Industrial Engineering in Hospitals,” 
Journal of Industrial Engineering, Vol. 10, No. 3, May, 
1959, pages 171-175. 

(11) Temere, “The Patients’ Needs and Hospital Organi- 
zation,” Essays on Human Aspects of Administration, Bu'- 
letin 25, August, 1953, New York State School of Industrial 
and Labor Relations, Cornell University, Ithaca, New York. 

(12) Websters New International Dictionary, 2nd Edition, p. 2455. 

(13) Ross. Sm James Parrerson, KC.V.O, MS. PRCS., “The 
Scientific Approach to Surgery,” British Medical Journal, 
July 11, 1959. 

Ed. Note: These references have been listed in chronological 
order because of their significance when hated in this manner. 
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Ix BRIEF outline, the problem of this paper ts the fol- 
lowing. Stocks are maintained to meet a demand. When 
the stock level reduces to X items, action is initiated for 
stock replenishment of Y items. The problems is to deter- 
mine X and Y in the light of costs of carrying stock in 
inventory, costs of ordering stock replenishment, a run- 
out percentage, and the statistical properties of customer 
demand and lead times. 

Effective mathematical solutions exist and are pre- 
sented. However, the mathematical details of these analy- 
ses require more time, mathematical ability, and com- 
putational efficiency than one wishes to require of operat- 
ing personnel. The distinctive contribution of this article 
is the presentation of an approximate solution of the 
problem. The approximation is concerned with economic 
order quantities and safety stocks rather than the more 
complex, but ideally preferable model, of the mathe- 
matical statistician. The simplified procedures are closer 
to the intuitive insights of the Industrial Engineer, and 
the calculations are within the capability of a statistical 
clerk untrained in engineering or advanced mathematics. 

The approximate solution is of the folowing type. If 
the customer demand could be predicted with certainty, 
and if the lead time for stock replenishment were known 
with certainty, the selection of the replenishment level X 
would be trivial. One would order replenishment to arrive 
exactly when stocks become exhausted. Furthermore, the 
replenishment quantity } could be determined by the 
classical economic order quantity formula presented. If, 
however, customer demand or the lead time is uncertain, 
the replenishment level X can not be so determined. In 
such cases, it is common practice to take XY equal to an 
average demand during lead time, plus a “buffer” or 
“safety” quantity of stock. The determination of the 
safety stock is a nonelementary problem which we shall 
by-pass at present. Simultaneously, the replenishment 
quantity Y can be determined by the economic order 
quantity formula. The resulting procedure has two ap- 
parent deficiences. In the first place, this independent 
selection of X and Y will not, in general, lead to the 
desired run-out percentage. This problem can be resolved 
easily by first calculating ), and then determining the 
safety stock consistent with the required run-out per- 
centage. A second deficiency seems more serious. The 
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solution is not optimum. The economic re-order quantity 
formula is used where the conditions assumed in its deri- 
vation do not hold precisely (the derivation of the form- 
ula does not face the possibility of uncertain demand or 
lead time). However, this article shows that this relatively 
simple, ideally imperfect analysis, produces a_ result 
which differs very little from the optimum solution in 
many situations. 

This fundamental objective of the paper is reached in 
section III. The exposition through that section is es- 
sentially nonmathematical. In later sections, the result is 
sharpened with the use of concepts of elementary statis- 
ties, such as those related to the normal distribution. 

The two salient limitations of this article are the as- 
sumption of continual inventory surveillance, and the use 
of a run-out percentage rather than shortage cost. In 
many situations, stock replenishment must be ordered pe- 
riodically, say, every Monday or on the first of each 
month. Such problems should be handled by the dynamic 
programming techniques of (1), (2), (4), and (5). Ideally, 
one should know the financial loss incurred when a cus- 
tomer order is received at a time of stock depletion. If 
this financial loss can be estimated, one can use the 
analysis of (3). However, one often finds that an analysis 
of shortage costs is impractical. In such cases, it is com- 
mon for management to impose a service criterion in the 
form of a run-out fraction r which is used below. 

The discussion is restricted to the analytical details of 
computing the optimum X and Y. We do not consider 
procedures for estimating the costs that appear in the 
formulas. Also, the problem of predicting demand is ig- 
nored. This problem, involving seasonality and trends in 
future demand, is in many sitWations more difficult than 
the problem of the present discussion. 


I. THE ECONOMIC ORDER QUANTITY FORMULA 


In later sections, we shall make use of the classical eco- 
nomic order quantity formula. The present section con- 
tains a derivation of that formula. 

We assume that demand is predicted without error, and 
that there is a fixed lead time between initiation of stock 
replenishment action and the availability of the replen- 
ishment to meet demand. Hence, the replenishment can 
be ordered to arrive at the time stocks become exhausted. 
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This means that there is no problem in determining X, 
the stock level at which replenishment action is initiated. 
We shall determine Y, the replenishment quantity, to 
minimize a cost function constructed below. 

Let C,, the cost of ordering, be the dollar cost incurred 
each time action is taken to replenish stock. This is a cost 
per replenishment action. 

Let C;, the cost of carrying inventory, be the dollar 
cost of holding one item in stock for one day. Often, Cj, 
is expressed as ('//365 where C is the dollar investment 
in an item in inventory, and / is an annual interest rate. 
Let D be the daily customer demand which we assume 
constant. The number of days between replenishment ac- 
tions is ¥/D. The number of replenishment orders per 
vear is 365 divided by this number, or 365D/Y. This, mul- 
tiplied by C,, is the annual cost of replenishment actions, 
and the cost per day of replenishment actions is DC,/Y. 

The mean stock level over a period of time is Y/2 be- 
cause the low stock level is zero, and the high level is Y. 
This implies that the cost per day of carrying stock is 
YC;/2. 

The cost computed on a daily basis of replenishment 
actions, and of inventory is 


rc, 


This cost per day, C, is a function of a single unknown Y., 
When Y is small, the first term is large; when Y is large 
the second term is large; there is some value of Y, not too 
large or too small, for which the cost ( is smallest. This 
optimum value of Y is 


2D€. 


which is derived as follows. The derivative of C with re- 
spect to Y is 


and if this derivative is set equal to zero and solved for 
Y, we obtain the result in question. Numerical illustra- 
tions of the use of this formula will appear later in the 
article. The formula has been known and used for decades. 


Il. NUMERICAL ANALYSIS OF THE GENERAL CASE 


The economic order quantity formula was derived 
under the assumption that demand can be predicted with 
certainty. We shall show in section III that this formula 
can be used in more complex situations. But first we shall 
solve a general problem of choosing an inventory policy 
when demand is uncertain. The solution will be presented 
in terms of a specific artificially constructed example. 

As the basis for an illustrative example, we shall use 
Table 1. In this table d is a possible value of the demand 
during lead time; the lead time being the time between 
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TABLE 1 
Demand During Lead Time 


75 «(O 1.00 9.00 | 87 05 21 79 
76 1.00 8.00 | 88 17 58 
9 7.00 | 89 04 
7? 03 07 18 


an instigation of action to replenish stock, and the time 
when the Y items arrive and aré available to meet de- 
mand. The probability P(d) in Table 1 is the probability 
that a demand during a lead time will be for d items. For 
example, Table 1 gives P(80) = .10, which means that 
we expect the demand during lead time to be for 80 items 
during 10 per cent of the lead times. The table indicates 
that the demand during lead time is always between 77 
and 96 items, inclusive; a demand for 80 items occurs 
twice as often as a demand for 78 items, and ten times 
as often as a demand for 77 items. 

Table 1 shows nothing about the lead time. We do not 
know whether it is fixed or variable. If the lead time 
varies from one replenishment action to another, this 
Variation influences the variability of the demand during 
lead time. Also, the variability in the number of customer 
orders received per day influences the variability of de- 
mand during lead time. However, in Table 1 these two 
sources of variation are not separated. In section VII, we 
shall separate the variability of demand from the lead 
time variability. 

In many real situations we do not know Pid) accu- 
rately in the detail given in Table 1. However, no in- 
ventory policy can be set other than by pure guess-work 
if something is not known about the demand. Even if our 
knowledge of this demand is meager, such knowledge can 
be converted into a probability distribution like that of 
Table 1. This matter will be discussed in section IV. 
Sections V, VI and VII introduce systematic analyses ap- 
plicable when information about demand is incomplete. 

Table 1 contains a column of numbers R(d), where R(d) 
is the probability that the lead time demand will exceed d. 
For example, R(96) = O because the demand never ex- 
ceeds 96, R195) = P(96) = 01, R(94) = P(95) + P(96) 

02, R(93) = P(94) + P(95) + P(96) = 03, ete. 
Since the table gives R(90) = .10, we know that the lead 
time demand will exceed 90 items, i.e., be 91 or greater, 
during 10 percent of the lead times. The values of Rid) 
are quickly computed in succession by the formulas 
R(95) = R(96) + P(96), R(94) = R(95) + P(95), R 
(93) = R(94) + P(94), ete. 

A number, S(d), in Table 1 is the expected number of 
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customer orders received during a lead time after stock 
is depleted if the replenishment action is initiated when 
the stock level is X = d. For example, we find that 
S(90) = .28. To interpret this number, we suppose that 
the policy is to order stock replenishment when the stock 
reduces to XY = 90 items (here, as elsewhere, stock is the 
stock on hand plus replenishment previously ordered and 
not yet delivered). If this policy is continued over a long 
period of time which covers many replenishment actions, 
the mean shortage per replenishment action is expected 
to be .28 items. The fact that R(90) = .10 implies that a 
shortage of zero’can be expected during 90 percent of the 
lead times. If such zeros are averaged with the numbers 
short during the other lead times, the mean is expected to 
be .28. Hence, the shortage will average slightly more 
than one item every four replenishment actions. We 
should not confuse S(d) with the average shortage in 
those instances in which shortage occurs. If replenishment 
action is initiated when the stock level is 90, the expected 
number of shortages during the 10 percent of the times 
that a shortage occurs is 8(90)/R(90) = .28/.10 = 28 
items. However, this last number does not enter the analy- 
sis. 

The calculation of S(90) could proceed as follows. The 
expected shortage is 1 times the probability that the 
shortage will be 1 item, plus 2 times the probability that 
the shortage will be 2 items, plus 3 times the probability 
that the shortage will be 3 items, and so on. If replenish- 
ment action is initiated ‘when the stock level is 90, S(90) 
is 1 times the probability that the lead time demand will 
be for 91 items, plus 2 times the probability that the lead 
time demand will be for 92 items, plus .. . , plus 6 times 
the probability that the lead time demand will be for 
96 items. In other words, 


S(90) = 1P(91) + 2P(92) + 3P(93) + - - - + 6P(96). 


This sum is evaluated with use of values of P(d) in 
Table 1. 

However, a simpler and briefer calculation of the 
values of Sid) is the following. S(95) = S(96) + R(95), 
S(94) = S(95) + R(94), S(93) = S(94) + R(93), ‘etc. 
We shall not pause to justify this procedure by proof. 

We shall determine X, the stock level at which replen- 
ishment is to be initiated, and Y, the number of items 
ordered at each replenishment action. Here, and until we 
reach section LX, it is assumed that each customer order 
is for one item. We need to know the cost C, of each re- 
plenishment action, the cost per day, C;, of carrying one 
item in inventory, the expected daily demand D, and the 
expected demand during lead time yu. In addition, we shal! 
need S(d), and the run-out fraction r. If, for example, 
r were assigned the value 01, we would determine X and 
Y so that over a long period of time one can expect 1 per- 
cent of customer orders to arrive when stocks are de- 
pleted. 

From an abstract point of view, the inventory process 
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is cyclic. After stock replenishment is received, there en- 
sues a period in which customer orders reduce the stock 
level to X. Then replenishment action is instigated, cus- 
tomer orders reduce the stock level until the replenish- 
ment arrives, and the cycle is complete. During any cycle 
there may or may not be a shortage. 

If a customer order arrives when stocks are depleted, 
the customer may accept delivery after stock replenish- 
ment arrives, or he may cancel the order. Let p be the 
fraction of customer orders which can be so deferred. If 
p = 90, then 90 percent of the customers will accept 
delay in delivery, but 10 percent will cancel orders when 
stocks are depleted. Since S(X) is the expected number 
of orders which are received each cycle when stocks are 
depleted, the expected number of lost sales each cycle is 


(1 — p)S(X). 
Since the stock input to the process is Y items each cycle, 
the average number delivered to customers each cycle is 
Y. Hence, the expected number of customer orders re- 
ceived each cycle is 


Y + (1 — p)S(X). Eq. 2. 


Since D denotes the expected daily customer demand, our 
estimate of the expected number of days in a cycle is 


Y + (1 — p)S(X) 
D 
The reciprocal of this can be interpreted as the expected 
number of cycles per day (vhich, in most cases, will be a 
fraction such as .01), and if this reciprocal is multiplied 
by C,, we obtain 
DC, 


Y + (1 — p)S(X) 
as the cost of replenishment actions expressed as a cost 
per day. 

We turn to the cost of carrying stock. If there were 
never any shortage, the expected low level of stocks just 
prior to replenishment would be X-p, the reorder point 
less the expected demand during lead time. However, the 
low point is actually X less the expected number of cus- 
tomer orders filled during lead time. Since S(X) is the 
expected number of customer orders that arrive when 
stocks are depleted, p-S(X) is the expected number of 
orders received and filled prior to the arrival of stock 
replenishment. Hence, the expected low stock level is 


A -p +t SCX). 


When replenishment in the quantity Y arrives, some of 
this stock is used immediately to fill back orders. The 
expected number of these back orders is pS(X), the prob- 
ability that a customer will accept delay multiplied by 
the expected shortage during a lead time. Hence, the ex- 
pected increase in the stock level at the time of replenish- 
ment is Y — pS(X). The expected high stock level is the 


= 
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expected low level, plus this last number which reduces to 
X — wt (l — p)S(X) + FY. 
We shall use the arithmetic mean of the expected low and 
high stock levels as\an estimate of the mean stock level 
over time. The use of this arithmetic mean is not legiti- 
mate if r is high, say, greater than .05. The analysis, in 
case of large r, will be indicated in section VIII. The 
mean of the high and low stock levels is 
X—pt+ 


) S(X) + 


The product of this mean stock level by the cost of carry- 
ing one item one day is 


CAX, Y) = E +(1 S(X) + 


the expected cost per day of carrying stock. The total 

inventory cost per day is 

C(X, Y) = CN, Y) + CAN, Y) 
DC, 

Y+ (I pys(x ) 


p 
+ C, +(1 scx) + ; 


More precisely, C(X,. Y) is a cost which varies with V 
and ), whereas the total inventory cost, however it may 
be defined, may include other costs which do not vary 
with X and }. In determining the best XY and Y to em- 
ploy, one can ignore all costs which do not vary with X 


= Eq. 3. 


and Y, 

We must introduce the run-out fraction. Since Si X) is 
the expected shortage during a cycle, we obtain using 
Eq. 2. 

SOX) 
r= 4. 
Y + (1 — p)S(X) 
This last equation contains the two unknowns X and Y, 
and it can be solved for ¥ in terms of X. We obtain after 
simple manipulation 


If this value of Y is substituted into Eq. 3, the cost 
C(X, Y) reduces to 
= CVX) + CX) 


This gives the cost C as a function of a single variable X. 
The graph of C as a function of X can be drawn, and the 
low point of the graph corresponds to the optimum value 
of X. 


We shall give a numerical illustration of the use of this 
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formula. We assume that the distribution of demand dur- 
ing lead time is given in Table 1. We calculate that 


uw = 77P(77) + 78P(78) + - - - + 96P(96) 
= 84.0. 


We assume that the expected daily demand is D = 4. 
(From u = 84 and D = 4 we could infer that the average 
lead time is 84/4 = 21 days, but we do not explicitly 
employ the lead time in the formula for C.) We assume 
that C, = $5, r= 01, p= %, and C; = $2/365. This 
value of C,; could arise if each item in stock involved an 
inventory investment of $10 and the annual interest 
charge were 20 percent. For these parameters C(X) re- 
duces to 


- 
6. 


9 

Six) + [X + 50.5S(X) — 84]. 

To build up a table of values of C(X), we take a trial 

value of X, say, X = 90. We find in Table 1 that S(90) 
.28. Substitution in the formula for C(X) gives C (90) 
8246 dollars per day. In this way, one builds Table 2. 

This table reveals that the best choice of X is X = 87. 


1.1905 87 | 90 8246 


SS 


To get the corresponding Y, we use Eq. 5. Since Table 1 
gives S(87) = .79, and since r = Ol, and P = 4, we ob- 
tain Y = 79. Thus, the optimum policy is to jnitiate a 
replenishment action for 79 items when stock on hand 
plus replenishment ordered but not yet delivered reduces 
to 87 items. 

We shall see in section III how the optimum value of 
XN ean be easily approximated. Then Table 2 can be 
quickly computed by taking a few values of X near the 
approximate optimum. 


il. A SIMPLE APPROXIMATION 


In this section we point out that a simple calculation 
will approximate X and Y as obtained by the analysis 
of section II. 

We consider the problem of section II]. We shall apply 
the economic order quantity of section I to this problem. 
The conditions under which the economic order quantity 
formula were derived do not hold in the problem now 
under consideration. This is due to the fact that in the 
present problem lead time demand is uncertain. The eco- 
nomic order quantity formula was derived for the situa- 
tion in which one can predict in advance the time at 
which stocks will be depleted, and the lead time for re- 
plenishment is fixed. In such a case, one could plan to 
have replenishment arrive exactly when the stock level 
reduces to zero. In the more general case of uncertain de- 
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mand this is impossible. However, it seems reasonable to 
expect that a good policy under uncertain demand will be 
one in which the stock level is low at the time replenish- 
ment arives. Hence, the optimum replenishment quantity 
under uncertain demand should be at least roughly the 
same as the economic order quantity. 

On the basis of this intuition, we shall return to the 
numerical example of section II and apply the economic 
reorder quantity. Using Eq. 1. and substituting the values 


D=4 items, C, = $5. and C,; = $2/365 used in sec- 
tion II. we obtain 
y= a 7300 
= §5.44. 


(ne might compare this with Y = 79 of the optimum 
policy in section II. However, a more proper comparison 
will be made later after this value of Y is adjusted. From 
Eq. 5. we can solve for S(X) in terms of Y. Using Y 


85.44.r = Ol, and p = ', we obtain 
01 
S(X) = (85.44). Kq. 8. 
1 OL + .005 


= Sh. 
To solve for X we note that Table 1 gives S(86) 1.05 
and S(87) 79. We interpolate to get 
X = 86.7. 
Our solution Y = 85.44 and X = 
to integral values. We select X 


Eq. 9. 


86.7 must be rounded off 

87 and compute the 
corresponding } from Eq. 5. to be 

1— O14 .005 
) = - S(87), 
Ol 
and after obtaining from Table 1 the value S(87) 79, 
Y = 78.6 which we round off to Y = 79. 

Thus, we determined a value of Y, namely, Y = 85.44, 
by use of the economic order quantity formula. Corre- 
sponding to this value of ¥ there is only one X which will 
give the required run-out fraction of r= 01. This X ts 
determined from Eq. 5. to be X = 86.7. In rounding off 
to integers we first adjust VY to 87, and then the Y corre- 
sponding to the adjusted X is determined from Eq. 5. This 
last adjustment of ) guarantees that the run-out fraction 
will be r = .01 as required. 

Since the computations of the present section employ 
the economic order quantity formula in a situation with 
uncertain demand, we do not have mathematical proof 
that our results are sound. In fact, we do not expect to 
obtain the optimum as it is correctly derived in section II. 
But comparing the results of this section with the opti- 
mum policy obtained in section II, we find that the ap- 
proximate method gives the X and Y of the optimum solu- 
tion. However, it must be remembered that the two re- 
sults were not identical before initial solutions in frac- 
tions of an item were rounded off to integral values. 
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Suppose that one did not trust the approximate pro- 
cedure of this section, and the exact analysis of section II 
were to be employed. It would be efficient to compute the 
economic order quantity Y = 85.44 and the corresponding 
X = 86.7 as was done in the present section. One would 
then build up a table of values of C(X) for values of X 
near 86.7. 

The approximate solution will not be so accurate for 
some values of the parameters, C,, C;, r, D, and p and for 
some distributions of lead time demand. Management 
should make a few computations by the methods of both 
sections II and III. In this way, it can be determined 
whether the approximation is adequate for the specific 
parameters and demands faced by a specific management. 
In most cases, it will be found that the approximate com- 
putations can be adopted. 


IV. THE DISTRIBUTION OF LEAD TIME DEMAND 


The analyses of sections II and III require the distribu- 
tion of lead time demand as illustrated in Table 1. 
Usually one’s information is incomplete, and the distribu- 
tion must be approximated. For such an approximation 
it is usually best to use one of the analytical models of 
sections V and VI. However, we shall indicate in this 
section how the distribution of lead time demand can be 
approximated by elementary methods. 

Suppose as a trivially simple illustration, we assume 
that the lead time demand is always between 1 and 5. We 
know that 3 is the most likely demand, and that 1 and 5 
are less likely than 2 and 4. Nothing else is known. One 
might assume that the probabilities of demands of 1 and 
5 are equal. In other words, P(1) = P(5) = z, where the 
unknown z is to be determined. It might seem reasonable 
to assume that P(2) P(4) = 2r, and P(3) = 3r. Since 
the sum of the probabilities must be 1, we would have 
r+2r+ 274+ r= 1, or 9x = 1. This would give 


r 1/9 = .11, approximately. Finally, P11) P(5) 
1, P (4) 22, and P(3) 33. 


Alternatively, one might have the conviction that the 
demand would be 3, roughly half of the time, and that 
demands of 1 and 5 would be rare. One might subjectively 
set P(3) = 5, P(2) = P(4) = .24, and P(1) = P(5) 

Ol, 

Groping in the manner illustrated would produce 
serious inaccuracies. But no inventory analysis can be 
sharp in the face of meager knowledge of demand and 
lead time. In most cases, one has enough information to 
justify one of the analytic models introduced below. 


Vv. NORMALLY DISTRIBUTED LEAD TIME DEMAND 

In our first analytic model, it is assumed that the lead 
time demand is normally distributed. This assumption is 
unacceptable in most situations. This point would seem 
to require emphasis because many writers restrict the 
applicability of their analyses to the case of normally 
distributed lead time demand. But in most situations en- 
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TABLE 3 
Normal Approximation to Demand of Table 1 


75 O11 973 9 O10 209 622 
76 OW 956 8.037 | O60 149 113 
025 O31 7.081 O47 102 264 
78 035 896 6.150 035 O67 162 
79 047 849 5.254 9] 025 042 095 
789 4.405 O17 025 053 
072 43.616 Oll O14 O28 
O83 634 2» 800 O4 006 O08 O14 
S.4 545 2.265 004 006 
S4 092 453 1.720 | 96 O02 002 002 
85 364 1.267 | 97-—< .0O2 


Sb O84 . 281 905 


countered by the authors, it would be extremely unfor- 
tunate to calculate under the assumption of normality. 
Consider, for example, the distribution of Table 1. If the 
usual normal approximation to the demand of Table 1 is 
constructed, one obtains the probability distribution of 
the column headed P’(d) in Table 3. In addition, Table 3 
contains R’(d) and S’(d) computed from P’(d) in the 
same way that Rid) and Sid) were obtained from P(d). 
We can see in Tables 1 and 3 that when an inventory 
policy involves large values of X, the expected shortage, 
given by S(X}, is more than twice the value given by 
S’oX). If NX and Y are determined from the normal ap- 
proximation, if the optimum policy has X between 92 
and 94, and if r is the assigned run-out fraction, the 
actual run-out fraction will turn out to be greater than 2r. 

The reason for the inadequacy of the normal approxi- 
mation in the case of Tables 1 and 3 is that the distmbu- 
tion of lead time demand is skewed; the possible values of 
the demand extend farther above the mean than below 
(the mean is 84, and 96 — 84 12 is greater than 84 — 77 

7). We say that the distribution of demand has a long 
right-hand tail. In real situations such tails are typical 
If there are different classes of customers with different 
demand characteristics, one would expect the demand 
distribution to be skewed. Furthermore, when the lead 
time is uncertain, skewness is expected. For example, if 
both the daily demand and the lead time are normally 
distributed, the lead time demand will be skewed (3). 
Some writers consider lead time demand with a Poisson 
distribution, and this distribution is skewed.' 

The theoretical basis for hoping the lead time demand 
to be normal is the central limit theorem. This idea 1s 
relevant, and lead time demands are approximately nor- 
mal in many situations. However, as is apparent in sec- 
tion IT, the solutions Y and Y involve the values of SiX) 
only for large demands, typically. This means that in 
typical cases, essentially the only part of the distribu- 
tion of lead time demand that influences the solution X 


* However, the authors have never encountered a real situation 
in which it would be legitimate to assume the lead time demand 
to be Poisson Hence, although it is possible to construct simple 
nomograms for the case of Poisson demand, we do not recognize 
their utility. 
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and Y are the values in the right-hand tail. When any 
approximately normal distribution is approximated by a 
normal distribution, the approximation is usually least 
accurate in the tails. Hence, it is dangerous to rely on the 
tendency towards normality guaranteed by the central 
limit theorem. The model of this section is sometimes 
applicable, but it should not be used blindly. However, 
the more accurate model of section VI employs the results 
to be developed for the present model, and the present 


-section constitutes a first step in a more careful analysis. 


Let @ (t) be the probability density of the standard 
normal distribution. Let » and ¢ be the expected value 
and standard deviation of the lead time demand. We ap- 
proximate the probability that the lead time demand is 


for d items by 
l 
1 (sas). 


We recall that S(X) is 1 times the probability that the 
lead time demand is for X + 1 items, plus 2 times the 
probability that the demand is for X + 2, plus 3 times 
the probability that the demand is for X + 3, etc. Hence, 


X +i- 
s(X) = ie (———*) 


ial o 

=,. 

jmX +1 


l 
= f (x — X ( dx 


because if Is a function of z, 


ala) + +1) +--+ + afb — 1) + ath) 


a(xride. 


The change of variable 


and the notation 


Eq. 10. 


lead to 


SCX) => (ol + — 
= | "dt + — x) f 
Vv “ 


If @(¢) is the accumulated normal probability from ~~ to 
4 


= + (u — X)[L — O(n) | 
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+] 


which, with the help of Eq. 10. reduces to 
S(X) = ole(u) + u%(u) - u| + Ali — @(u)|. Eq. 11. 


To illustrate the utility of this model, we return to the 
numerical illustration of section II. We calculate from 
Table 1 that the expected value of d? is 


(77)*(.01) + (78)*(.05) + - - - + (96)7(.01) = 7074.78, 
and this permits us to write, using Eq. 7., 
= 7074.78 — (84)° 

= 18.78, 


from which, by extracting the square root, we get 


o¢ = 4.334. Eq. 12. 


We could now reconstruct Table 2 using Eq. 11. instead 
of the correct values of S(X) given in Table 1. This 
amounts to a numerical procedure for computing the opti- 
mum YX and Y when the lead time demand is assumed to 
be normally distributed. The calculation uses only the 
. expected value and standard deviation of lead time de- 
mand rather than the complete distribution given in 
Table 1. We shall not carry out this computation because 
we shall obtain the result by another computation which 
ean be called analytic rather than numerical. 

In the use of the table of S(X) in Table 1, we must 
restrict X to be integral. However, Eq. 11. permits X to 
vary continuously. This fact permits the following mathe- 
matical analysis. We return to C(X) as given in Eq. 6., 
and we now assume that S(X) in this formula is given by 
Eq. 11. We compute the derivative of C(X) with respect 
to X to be 

§(X 
(X) (X) 


+ [ + - S’CX | . Eq. 133. 
Zr 


Our objective is to determine the minimum C(X) by 
equating C’(X) to zero and solving for X. However, we 
introduce 

(SCX) }?C’(X) 


Eq. 14. 
C, 


f(X) = 


We shall solve the equation 


= 0. 


We see in Eq. 14. that the root of this last equation will be 
the root of C’(X) = 0. The function f(X) is introduced 
because f(X) = 0 is easier to handle than C’(X) = 0. 
From Eq. 13. and Eq. 14., we obtain 

rDC, 


f(X) = 


l+r 
+ ISCX) |? [ + s(x) | Eq. 15. 
2r 
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To solve f(X) = 0 by Newton’s method, we require 


l+pr 
+ 2S(X)S’(X) [ + - | 
r 


l+r 


[S(X) ]28’(X). Eq. 16. 
2r 


This expression requires the derivatives of S(Y). We cal- 
culate from Eq. 10. and Eq. 11. that 


dS(X) du 
S’CX )= 


— 
‘ 


o'(u) + O(u) + ud’(u) — 1 


We recall that #’(u) = @(u) because the derivative of 
the accumulated probability function is the probability 
density. Also, 


du V2e 


— ug(u). 


exp (— u*,/2) 


Hence, 


S’(X) = &(u) — 1 Ou). Eq. 17. 
2a 


Similarly, we obtain 


= Ee | 


We have enough formulas to solve f(X) = 0, and 
hence, C’(X) = 0, by Newton’s method. To illustrate, we 
return to the example of section II. We have p = \%, 
r= 01,D = 4,C,= $5, C; = $2/365, and from Eq. 7. and 
Kg. 12. we have » = 84, 7 = 4.334. To solve f(X) = 0 
we need a trial value of X. A good procedure is to use the 
results of section III to approximate the optimum X. This 
gives the trial value X = 86.7 obtained from Eq. 9. It 
will be convenient to convert to u by Eq. 10.; we obtain 
the trial value of u to be 


We need S(X), S(X), and S”(X). From Eq. 11. and 
tables of the normal probability functions, we obtain for 
the trial value of u 


S(X) = 4.334[.3038 + .7383(.7698) — .7383] 
+ 4(1 — .7698) 
= .6952. 
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86.7 +4 — 84 
+.354 
= 77383. 
No. 


We calculate, using Eq. 17. and Eq. 18. that 
038 
8.068 


S’(X) = .7608 — 1 
= — 2652, 
| 7383 
= ( + ) (.30338 ) 
4.334 2(4.334)? 
= 07007. 
Using Eq. 15., we calculate that 
(OL) (4105) 
(— 2652) 


2 365 


~ 


1.01 
+ (6952)? | 1 (— .2652) 


5.690. 
Similarly, from Eq. 16. we obtain 


= 3.650. 


Newton's method adjusts the trial value X = 86.7 to 
obtain 
fi NX) 
5.000 
= 
3.650 
= 


To obtain the root of f(X) 0 with greater accuracy, the 
calculations are repeated with the new trial value X = 
85.7 in place of X = 86.7. 

Suppose we accept 
the optimum by 


85.7, round off, and approximate 


Eq. 19. 


To obtain Y we use Eq. 5., Eq. 10., and Eq. 11., obtaining, 


1— O1 + .005 
= SOS6) 
Ol 


= 09.50.9000) 


= Eq. 20. 


The solution is complete. We can see the error resulting 
from the normal approximation. We substitute Eq. 19. 
and Eq. 20. in Eq. 4. using the correct value of SCX) given 
in Table 1. We find that the run-out percentage ts 1.16 
percent rather than the 1 percent desired. We can see by 
comparing Tables 1 and 3 that for values of X near the 
optimum value X = 87, S’(X) in Table 3 underestimates 
the correct S(X) given in Table 1 by roughly 20 percent. 
This indicates why the policy Eq. 19. and Eq. 20. produces 
a run-out percentage 16 percent greater than desired. If, 
for the demand of Table 1, we had used costs and a run- 
out fraction which led to an optimum policy with X less 
than 83, the normal approximation would have given an 
approximate solution with a run-out percentage less 
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than assigned. This is due to the fact that when d is less 
than 83, S’(d) > S(d). If the optimum policy had X 
equal to 83 or 84, the normal approximation would have 
practically no error. If we keep the same conditions of 
the illustrative problem except that we let r decrease 
below 1 percent, the relative error in the normal approxi- 
mation would increase with r (until X became greater 
than 95). 

The accuracy of the normal approximation depends 
upon how closely the distribution of lead time deman« 
can be approximated by a normal distribution. In some 
real problems, the normal approximation is better than 
in the case of our artificial example, but, in many cases, 
the approximation is much worse. In some situations, it 
is wise to estimate X and Y two ways, once using the 
normal approximation and once the more accurate model 
of section VI. If the two results are practically the same 
in several instances, one might be led to assume that the 
demand is approximately normal. 

The present analysis can be applied to a situation in 
which knowledge of the distribution of lead time demand 
is meager. To illustrate, suppose that there is not enough 
experience to permit the construction of a table like 
Table 1. It is felt that the lead time demand should 
average roughly 100 items. During a specific lead time 
the demand might occasionally be as low as 75 or as high 
as 125. It is even possible that in some rare situations the 
demand may lie outside the interval 75-125. However, 
it is inconceivable that the demand could be less than 50 
or greater than 150. With such limited knowledge, one 
could assume that the expected lead time demand is 
u = 100. Furthermore, the range could be estimated by 
150 — 50 = 100. The assumption that the lead time de- 
mand is roughly normal leads one to estimate the standard 
deviation by one-sixth of the range.*? Hence, one would 
use ¢ = 100/6 = 16.7. This is all that is required for use 
of the analysis of this section. 


VI. SKEWED LEAD TIME DEMAND 


We shall sharpen the analysis of section V in which 
the assumption of a normally distributed lead time de- 
mand led to inaccurate results. The reason for this in- 
accuracy has been discussed, and we have seen that in 
the numerical illustration. the right-hand tail of the nor- 
inal distribution does not extend far enough to the right. 
Furthermore, as we consider the calculations involved in 
the earlier sections of this paper, we recognize that in 
many situations it will be only the right-hand tail of the 
distribution of lead time demand that is used in the com- 
putations. Specifically, we shall use S(X) for large values 
of X only. 

These observations lead to the conclusion that we need 
a model of demand during lead time which accurately 


*In many situations, a statistician can suggest other estimat- 
ing procedures for the standard deviation. 
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approximates the right-hand tau ot the distribution. The 
model can be inaccurate elsewhere. In this light, the au- 
thors have introduced the following procedure (3). Let 
us continue to speak in terms of the numerical illustra- 
tion. In section V we used the normal approximation with 
expected value » = 84 and standard deviation ¢ = 4.334. 
Let us consider a normal! distribution with expected value 
still 84, but whose standard deviation is ks = 4.334k with 
k a little greater than 1. The tail of this new distribution 
will extend farther to the right. We might hope that with 
a judicious choice of k, the new distribution would fit the 
empirical data in the right-hand tail. In (3), the authors 
have developed a method for selecting k. We shall not 
repeat that analysis here. But reference to the earlier 
paper leads to the choice of 
| k = 1.17. 
Hence, we consider the normal distribution with » = 84, 
and standard deviation ; 
¢ = 4.334(1.17) 
= §.071. 

The normal approximation to the distribution of lead 
time demand with pp = 84 and ¢s = 5.071 is given in 


TABLE 4 

Normal Approximation with Augmented Standard Deviation 
d |. Pid | d 
0-76 070 | 84 078 v1 
7a 85 | 92 025 
78 039 SH 073 O16 
79 048 87 066 “4 O12 
SU .058 SS 058 OOF 
066 SY OOS 

8&3 O77 


Table 4. Comparison with Tables 1 and 3 shows that the 
approximation of Table 4 is much better in the right- 
hand tail than the approximation of Table 3. The fact 
that the distribution of Table 4 is much worse in the 
left-hand tail is of no concern. 

If the analysis of section V is repeated with + = 5.071, 
rather than 4.334, we approximate the optimum policy by 
X = 87, 

Y = 85. 
This policy produces an expected run-out of 0.925 per- 
cent. This run-out percentage is too low with a relative 
error of 7.5 percent. This result should be compared with 
the solution of section V in which the run-out percentage 
is too high with a relative error of 16 percent. 

We shall not repeat in this article the analysis of (3) 
which leads to the value k = 1.17. However, we shall out- 
line the nature of the analysis. The skewness of the lead 
time demand is computed as the third central moment di- 
vided by the cube of the standard deviation. This skew- 
ness brings to light the long right-hand tail. Then (3) con- 
siders the problem of fitting the lead time demand with a 
Gram-Charlier series consisting of two non-zero terms 


determined by the expected value, the variance, and the 
skewness. A normal fit to the right-hand tail of this 
Gram-Charlier series is determined through the introduc- 
tion of ke as used in this article. 


Vil. A GENERAL CASE 

Many inventory problems are in the following form 
and ean be handled in the following manner. The ex- 
pected value, standard deviation, and third moment of 
the daily demand can be estimated from experience. Also, 
the expected value, standard deviation, and skewness of 
the lead time can be estimated from experience. From 
these parameters, one can estimate the expected value, 
standard deviation, and third moment of the lead time 
demand by the method of (3). The multiplier, k, em- 
ployed in section VI, can be determined by the method 
of (3). Then one can approximate the optimum inventory 
policy as was done in sections V and VI. 


Vill. THE CASE OF LARGE RUN-OUT 


We have estimated the average stock level to be the 
arithmetic mean of the expected high and low levels. 
However, if run-out fraction is large, this is inaccurate. 
If, say, the run-out fraction is 10 percent, the stock level 
will be non-zero, roughly 90 percent of the time. One is 
led to replace C,(X, Y) in section II by 9C,(X, Y). 


IX. VARIABLE CUSTOMER ORDER SIZE 


It has been assumed that each customer order is for a 
single item. Suppose that the number of items in a single 
customer order has the expected value E, the variance V, 
and the third central moment u,. A “critical” order re- 
duces the stock level from a value greater than X to a 
value less than or equal to Y. Let x be X less the stock 
level after the critical order is filled (we ignore the pos- 
sibility that an order be greater than the stock level when 
that level exceeds XY). We must add the expected value 
E(x) and variance V(r) of z to the expected value and 
variance of the lead time demand. We have 


z)=- - 
i 


To indicate the derivation of these results, we let P(s) 
be the probability density of customer order sizes. We as- 
sume that the probability density of the size ¢t of the 
critical order is tP(t)/E. We assume that the conditional 
probability density of z, given ¢t, is 1/t. Then the joint 
probability density of ¢ and z is P(t)/E. From this den- 
sity function, the expected value and variance of z are 
derived by standard computations. These derivations are 
omitted because they require techniques of mathematical 
statistics which we do not wish to assume on the part of 
the reader. 
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An Analytic Solution to the Least Cost 
Testing Sequence Problem 


by L. G. MITTEN 


Department of Industrial Engineering, The Technological Institute, Northwestern University 


Ix (1) PRICE describes the “least cost testing se- 
quence” problem. The problem may be briefly stated as 
follows: 


subyes ted to n differe nt tests say tests 
(diameter), -** . Associated with the 
(’,, the cost per item of conducting the 


An item is to br 
a (length), 6 (hardness), ¢ 
j"* test are two constants 
7 test, and R, the probability of rejecting the item on the 7" test 
The tests are independent in the sense that they may be run in 
any order whatsoever; the constants C, and R. are taken to be 
independent of the order in which the tests are run. For some 
particular choice for the sequence of‘tests, sav S = (a, b, +*: , pj, 
the rule is established that an item is subjected to each test in the 
sequence in turn as long as the tests accept the item; if the item 
is rejected by a test, no further tests im the sequence are per- 
formed. An expected cost criterion function is proposed and has 


= > TJ a 


Price proposes that the sequence which minimizes C (S) 
be found by total enumeration of the n! possible test se- 
quences. As will be seen, the problem has an extremely 


the form’ 


1. 


simple analytic solution. 


ANALYTIC SOLUTION 
The following procedure vields the least cost testing 
sequence: 


1. For each test 7. compute-the ratio C,/R,: 
2 Run the teat with the smallest value for the ratio first, 
the one with the second smallest ratio second, ' . and the 


test with the largest ratio last 


As an illustrative example, we use the data given by 
Price in (1). 

' Editor's Note: Several readers have submitted material similar 
to the above, including Spencer B. Smith (Raytheon Manufactur- 
ing Company), Morton Klein (Columbia University), R. E. Beck- 
with and B. B. Winter (Aeronutronic. A Division of Ford Motor 
Company), and others. The Mitten material has been accepted 
for publication due to receipt priority. It should be mentioned 
that other investigators have also published material similar to 
the above, including J. Sacks (Columbia University) and 8. M. 
Johnson (The Rand Corporation) 

*The notation i < j means “i precedes j in the given sequence 


S,” with I(1 — R,) = 1 if 7 is the first element of S. 
i<j 
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Test | C/Ri of Teste 
Visual | 428 | 5 
Electrical | .05 232 4.64 
Distortion 035 .124 3.54 2 
Vibration .64 | l 
PROOF 
Let S = {a,b,- ,t,j,* ++, p)} be any test sequence 


different from a sequence given by the foregoing procedure. 
In particular assume (,;/R; > C,/R; (such tests 1 and ; 
must exist or the sequence S will be identical with a se- 
quence given by the foregoing procedure). Now consider 
the sequence = {a,b,- ,j,1,* obtained from 
S by transposing the order of tests ? and ). Then it follows 
directly that? 


C(S) — (CS’) 


Il (l— R,) + — Ry) Il (i — | 


ras 


r<s 


Eq. 2. 


| I] (i = 


rcs 


But 

(except in the trivial case where some R,=1) and C,;R 
(since C,/R,>C,/R; by hypothesis). There- 
fore, C(S)>C(S’). By a series of transpositions of ad- 
jacent elements (each adjacent pair having the properties 
of tests ¢ and 7 in S) we may finally obtain a sequence 
given by the procedure of the preceding section. Since 
“ach such transposition yields a smaller expected cost, 
the final sequence is optimal. 


REFERENCE 
(1) Pace, H. Warten, “Least-Cost Testing Sequence,” Journal of 
Industrial Engineering, July-August 1959. 


* We take r < i to mean “r precedes i in S.” 
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On Obtaining Consistency in Application of 
Predetermined Time Systems 


by CLARENCE W. FREDERICK 


Chicf Industrial Engineer, Molded Case Circuit Breaker Division, Square D Company 


Hi many systems and procedures have 
been designed to promote consistency in rating and stop- 
watch techniques. These systems and procedures were 
established in an attempt to achieve more accurate and 
consistent labor standards. 

The introduction of predetermined time systems, such 
as Work Factor, Methods-Time-Measurement, etc., may 
have mistakenly tended to negate or minimize the im- 
portance of discovering new, or using established, ways to 
obtain greater consistency in time standards. It has, 
perhaps, been presumed that consistency in labor stand- 
ards is being achieved automatically by the use of a pre- 
determined system. 


REASONS FOR INCONSISTENT STANDARDS 


Inconsistency in newly established labor standards, 
even by the use of a predetermined time system, can be 
caused by a number of reasons. Some of these are: 

1. Inexperience of the analyst. 

2. The tendency to stray or vary from the motion and classifi- 
cation theories as conceived by the designers of the system 
being used. 

3. Errors or faulty interpretations in application of the motion 
classifications, such as positions, apply pressures, assembly 
tables, etc. 

4. Attempts to interpret motion classifications in the light of the 
production that the analyst expects the particular operator to 
achieve. 


In addition, it is still as true with predetermined time 
systems, as it has been with stop-watch methods, that a 
major contribution to inconsistent standards is the hu- 
man inability to determine, in an absolute sense, the ‘“‘one 
best method.” To illustrate this point, a group of en- 
gineers can be assigned the task of independently de- 
termining the “one best method” to be used for a selected 
job. It is almost a foregone conclusion that all of the 
engineers will not submit the same solution. Similarly, in- 
adequate or erroneous statistical studies of non-cyclical 
elements and cyclical occurrences will tend to reduce the 
accuracy of the standard being established. This type of 
data plays a very important and integral part in the 
establishment of the labor standard. 


WEEKLY MEETINGS 


At the Square D Company, it has been found that a 
series of weekly meetings, held to discuss the theory and 


18 The Journal of Industrial Engineering 


application of the predetermined time system used, 
showed the greatest promise of promoting consistent 
labor standards. In fact, it is felt that the success of the 
program for better time standards stemmed principally 
from the results obtained from these meetings. These 
meetings are held for two hours each week. Because of 
the importance of the work it is not expected that the 
series of meetings will be terminated at any future date 
and are, therefore, conducted on a continuing basis. 

The general areas of study include a detailed review 
of the theory of the predetermined time system, defini- 
tions, and practical examples for study and practice 
(laboratory sessions). Day-to-day operating problems, 
other than those involved in the theory and application 
of the predetermined time system, have no place in a 
meeting of this kind and are therefore not considered for 
discussion. We felt that an extended discussion of the 
theory of each motion classification and a detailed ex- 
amination of definitions were essential at the outset to 
form a basis for the work that followed. As a result, the 
first 25 or so meetings were spent in these areas of study. 
(The extent of the discussion of theory is somewhat de- 
pendent upon the previous knowledge and experience of 
the practitioners in the class.) 

From this foundation, the next activity of the group 
was concerned with application of the theory just studied. 
Each participant was expected to bring to the meeting a 
timestudy completed during the previous week on a se- 
lected operation or job in the shop. He was expected to be 
ready to defend his results as well as discuss his reasons 
for assigning the particular motion classifications that 
were used. 

This review and discussion of the examples, together 
with reasons for establishing particular motion classifica- 
tions, did more to further the learning process than any 
other means used to date. In addition, a mathematical 
measure of the effectivenesss of the previous sessions on 
theory could be established by measuring the dispersion 
found in the group of time standards established inde- 
pendently by each member of the class. This measure was 
computed in percent of the expected or “true” standard. 

It was soon discovered, however, that the procedure 
of requiring each member of the group to establish a 
standard on the same operation in the factory was not 
adequate. Too many times the discussion and review were 
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directed A Variations in opinions about the “one 
best method” and not about the study of theory and ap- 
plication of the predetermined time system. In addition, 
the dispersion computed to determine the progress of the 
class was being inflated by these differences in method. 


USE OF FILMED EXAMPLES 

Henceforth, factory operations that were to be used for 
practice studies were selected and then photographed 
using 16mm film. The film was then presented to the 
group and each member individually established a time 
standard in class for the method being presented. Dis- 
tances, tolerances, etc., and other necessary data were 
made available to the group since these facts could not 
readily be determined by observation of the movie. 

The use of film tended to reduce discussions about the 
differences in methods and allowed a more accurate de- 
termination of the differences between the studies of 
various engineers since the methods studied were now 
the same. In addition, this technique allowed the instruc- 
tor to easily select examples which showed particular 
motions that the group had been studying and with which 
the group was having trouble. 

At least one session per month is now being devoted to 
a review of the theory of particular motion classifications. 
The need for these review sessions is determined from the 
discussions of the practice studies of the previous weeks 
or from the day-to-day problems that might arise. In 
addition, the need is also dependent upon the extent of 
change of the participants due to advancement, reassign- 
ment, additions, separations, and upon the length of time 
elapsed since the last study of these classifications. 


ADDITIONAL ADVANTAGES 

These meetings have also produced other important side 
effects. For example, changes in procedures have been 
occasionally recommended. The use of a separate job 
instruction sheet was eliminated and the Motion Sum- 
mary Sheet was substituted. The job instruction sheet 
was formerly used for the purpose of desembing the 
method of operation to be used by the operator. The 
latter form was used only to summarize the various study 
elements required for the establishment of a particular 
time standard. Now, with proper added notations, it 
serves both purposes. 

Also, a listing of particular motion classifications to be 
used whenever certain motions, or a series of motions, 
occur was compiled. For example, by reference to the 
list, the movement of the hand to a hopper of parts will 
now be assigned the same motion classification by all en- 


time. In the writer's opinion, it is doubtful that one can 
closely supervise the work of more than five engineers 
and still have consistent and uniform time standards in a 
plant using a predetermined time system. 

Each study is being given careful scrutiny by the 
Standards Supervisor to insure conformance to the estab- 
lished practices of the predetermined time system. The 
review also includes an examination of the methods 
to obtain the necessary frequency data, a check of the 
mathematics of the study, and an analysis of its applica- 
tion to the particular operation being studied. After each 
engineer has proven his competency in the application of 
the predetermined time system, the supervisor will only 
spot check his work. 


STANDARD DATA 


This paper would not be complete without recognizing 
older established methods of obtaining consistent labor 
standards. One of the most important of these is, of 
course, the use of standard data. Standard data can be 
defined as the technique of grouping, graphing, classify- 
ing, ete., elements of similar operations in such a way 
that a “family” of time standards can be determined. 
This family of standards is established in relation to a 
set of variables that are inherent in the operation being 
studied, such as length or width of the parts, distances, 
etc. In this way, very few individual studies need to be 
made for the total series of operations. 

Another advantage is that consistency between the 
various similar operations is achieved since the time 
values used were applied from only one, or a few studies. 
However, it will also be admitted that inaccuracy may 
still be a problem since an error introduced in the original 
study or studies would be applied to all of the operations 
to which the particular data were applied. 


CONCLUSION 


The combination of close supervision and the regular 
study and practice of the predetermined time system 
should result in the establishment of better and more 
uniform time standards. The added expense of these pro- 
cedures is nominal but will be far outweighed by the 
resultant advantages of consistent earnings and em- 
ployee acceptance. 


BANNERS FOR SENIOR AND 
STUDENT CHAPTERS 
Cost $75.00 


4 x 8 ft., blue and gold felt, with a blue, gold and 
white embroidered ALLE insignia in the center 


Available from: AILE Headquarters 
; 145 North High Street 
Columbus 15, Ohio 
In addition to the formal training and practice just (Allow about six weeks for manufacture 
described, it was considered essential that each standards and delivery) 
engineer be closely supervised for an extended period of - 
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THE AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS 
WILL HOLD ITS 
ELEVENTH ANNUAL NATIONAL CONFERENCE AND CONVENTION 
ON 
THURSDAY, FRIDAY AND SATURDAY—MAY 12, 13, 14, 1960 
AT 
SHERATON-DALLAS—DALLAS, TEXAS 


A CHALLENGE TO INDUSTRIAL ENGINEERING 


The decade of the Sixties is a Challenge to Industria] Engineering. Our accelerating progress should stimulate new 
ideas, new techniques, and new research. 

The Industrial Engineer must be alert to the challenge. He must be alive to the trends in the mathematical, physical, 
and social sciences. He must realize that only through the interchange of knowledge can the individual continue to ex- 
hibit professional competence. 

To this purpose is dedicated the llth Annual AIIE Conference. The presentations at al] technical sessions will be 
given by authorities in the field. This will be your opportunity to obtain the latest information about Management Con- 
trols, Operations Research, Automation, Standard Practices, Industrial Relations, and Information Processing. 


SCHEDULE OF FEES 


Non- 
Member Member 


All sessions on T} ursday and Friday, two luncheons, one banquet and Proceedings. 

All session» on Thursday and luncheon. 
$ 6.50 $ 8.00 
$24.50 $31.00 

All sessions on Friday an! luncheon. 
$ 7.50 $ 9.50 
$ 6.00 $ 6.00 
$ 5.50 $ 7.50 
Undergraduate Students, High School Teachers, and Vocational Guidance Counsellors—Session Only §$ 2.75 
Friday Evening—-Texas Style Rodeo Including Barbecue and Catfish Fry .................005000- $ 7.50 $ 7.50 
NOTES: 


1. For a detailed announcement or registration write to: AIIE, P.O. Box 914, Irving, Texas. Checks 
are to be made payable to: “Eleventh National AIIE Conference.” 


2. Refunds for cancelled reservations wil] be made only if notice is received prior to May 10, 1960. 
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Mark Your Calendar Now 


FRANK J. JOHNSON 
President, American Institute of Industrial Engineers, Inc. 
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Long Range Planning 


UNTELLIGENT action based upon sound decisions is 
dependent upon the collection and keen analysis of all 
the facts pertaining to a particular problem. Many of 
these facts are the result of a look into the “erystal ball” 
of the future as interpreted by our Long Range Planning 
Committee, the organization charged with the respon- 
sibility of anticipating future problems and taking the 
necessary action to do something about it. 

The Long Range Planning Committee was hatched in 
a smoke filled hotel room late one night in early 1955 by 
Don Malcolm, present Chairman of the Committee, and 
Chuck Lake, then Director of Industrial Engineering at 
R. R. Donnelley in Chicago. They both felt that some- 
thing needed to be done to lift the standards of the pro- 
fession, to get at the functions of Industrial Engineering, 
to define the term “Industrial Engineering,” and to gen- 
erally raise the standards of the profession. This concern 
led them to invite a number of leaders in the Industrial 
Engineering profession to a short meeting held during the 
national convention in St. Louis in May of 1955. At this 
meeting a number of opinions were voiced on the prob- 
lems facing the Industrial Engineering profession and 
suggested remedies for these problems. The following 
specific suggestions did come out of this meeting: 

1. The AIIE should develop a definition of Industrial Engi- 

neering consistent with the definition of Engineering. 
2. This group should meet again for two days in the Fall of 
that vear at Cornell to explore the subject further. 


Thus was born the first of the Industrial Engineering 
Symposia, which have been the primary contribution of 
the Long Range Planning Committee over the past five 
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vears. The Cornell Symposium developed the definition 
of Industrial Engineering which was later adopted by the 
AIIE as its official definition. This definition has since 
been widely published and quoted and is one of the best 
known definitions in the entire Engineering field. 

The success of the Cornell Symposium led to the sub- 
sequent holding of a Symposium each fall on the campus 
of a leading university. The outputs of these Symposia 
are summarized below: 


1. Purdue Sympostum—The group was primarily concerned 
with communicating an understanding of the Industrial En- 
gineering definition developed the year before. As a result, 
four expository paragraphs were developed, each one aimed 
at explaining what an Industrial Engineer is and what he 
does. Each of the four paragraphs were written in terms 
which would mean most to people in the following groups— 
management, employees in industry, engineers and other 
staff groups, and the general public 

2. Georgia Tech Symposium—A question had been raised con- 
cerning the meaning of “system” and “systems design” as 
understood and used in the formal definition of Industrial 
Engineering. As a result of this, the Georgia Tech Sym- 
posium was concerned with further defining Industrial Engi- 
neering by the presentation of case studies that would par- 
ticularly depict the dynamics of systems design. These case 
histories were intended to illustrate the design process in 
Industrial Engineering, the growing attention to systems 
problems, the relationship of Industrial Engineering to other 
branches of Engineering, how Industrial Engineering must 
be co-ordinated with other staff activities, and how it op- 
erates as an internal consulting function. The case histories 
were entitled: A Study of an Airlines Reservations System 
(Warren Alberts, United Airlines), Design of a Synthetic 
Detergent Production and Distribution System (Richard 
Forberg, Procter & Gamble), The Mechanization of a Fin- 
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ishing Operation (George Gustat, Eastman Kodak), and 
Organization for Systems Design (L. T. Ohmart, Armstrong 
Cork Company). 

3. Jowa Symposium—The results of this Symposium were a 
flow-chart illustrating the Industrial Engineering process, a 
statement of the key areas where the profession can make its 
greatest contribution, and a statement of the tools and 
techniques used in the Industrial Engineering process. 


The Northwestern Symposium has just recently been 
completed. This Symposium followed a somewhat dif- 
ferent pattern this year from Symposia of previous years. 
Alex Rathe and Hal Davidson, respectively, led excellent 
discussions on— 


“The Relation of Industrial Engineering in Management” and 
“The Requisite Skills of the Industrial Engineer.” 


However, after the first day the group felt it was plowing 
old ground in these discussions .. . that there was a more 
or less general agreement on what the composite modern 
Industrial Engineer is and what Industrial Engineering 
ean do for management. What they felt lacking was any 
significant progress in getting the real message of In- 
dustrial Engineering, what it can do and what are its 
current successful applications as a function, over to the 
management world. 

In short, it was felt that the Jmage of Industrial Engi- 
neering, as a profession and particularly as an organiza- 
tional function, is very much in need of improvement. 
To say that this is a publie relations job is one way of 
looking at it, and perhaps an accurate one, if one in- 
cludes all of the institutional options that should be 
vigorously exploited in delivering the Industria] Engi- 
neering message. The group felt that Industrial Engineer- 
ing, as a growing thriving function, is in danger unless a 
positive, comprehensive public relations program is devel- 
oped. Perhaps the problem can best be brought out by 
stating two questions that were raised: 


1. How long has it been since you have picked up a magazine 
like Harvard Business Review, Business Week, Fortune, or 
any other magazines that management reads and have found 
an article on “How Company X Uses Industria! Engineer- 
ing.” or “Industrial Engineering is contributing to the suc- 
cess of our company by being given these management 
missions to perform?” 

2. How many companies have set up Industrial Engineering 
departments along the lines of United Air Lines or Procter 
and Gamble? If such functions aren't being created regularly, 
the message of their success isn’t having an impact, at least 
not one identified as Industrial Engineering. The problem 
of growth-or-die may well face Industrial Engineering in 
this area of being “designers” of systems for management. 
Without proper “channel” time in management's attention 
span, we may lose out to more communicative professions. 


It is realized that the problems are being stated quite 
vigorously, and I am ignoring many of the fine achieve- 
ments that have been made. However, I am certain you 
will bear with the group in their role of focusing on prob- 
lems—not dwelling on successes. The Symposia can best 
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serve AIIE by such frank, hair-letting-down, evaluative 
sessions. 


THE IMAGE AT THE ACADEMIC LEVEL 


The group further felt that the Image of the Industrial 
Engineer at the academic level is excellent. The progress 
which has been made in designing curricula that prepare 
the Industrial Engineer for the kind of problems he will 
encounter 10 to 15 years after graduation is most satis- 
factory. There is no real problem here. Rather, a problem 
will exist in providing satisfactory Job opportunities for 
the graduates of these schools. 


THE IMAGE AS DEVELOPED IN THE JOURNAL 


The Journal, in its editorial policy and content, is mak- 
ing Industrial Engineering acceptable in the modern 
technical engineering world. However, again here it ap- 
pears that we are not publishing articles that can be used 
to influence management—our primary customer. It was 
felt that our current policy is necessary to insure the tech- 
nical quality and professional gains that have been made. 
This policy should be continued. Perhaps what is needed 
is another periodical slanted towards management. In 
this regard, a proposition by a new publisher was re- 
viewed. Bob Lehrer will have more to say in this regard. 


THE IMAGE CREATED BY AIIE PROFESSIONAL 
RELATIONS PROGRAM 

Our program in Professional Relations is exemplary— 
we are now a respected working member of the Engineer- 
ing family. Little more needs to be said in this regard 
except to reinforce the thought that a program in Public 
Relations, directed toward getting our image properly 
conveyed to the Management World, that is as successful 
as our Professional Relations program, is urgently needed. 

The Symposium drafted a resolution and some recom- 
mendations to AIIE for its consideration for focusing its 
management efforts. This resolution is still in the first 
draft as reported to me by Chairman Don Malcolm; and 
even though it will be further polished up, I felt it was 
of such timeliness and significance that it should be 
quoted here. 

The Northwestern Symposium on Industrial Engineering ex- 
pressed concern over the Image of Industrial Engineering, both 
as a profession and particularly as an organizational function, in 
the minds of Industrial Engineers, other Engineers and particu- 
larly in Management. Past Symposia have recognized and re- 
ported on the concept of the “Modern Industrial Engineer” as 
for management and have outlined 


the designer of “systems” 
opportunities for the “emerging role of Industrial Engineering. 

It is the opinion of the Northwestern Symposium that this 
Image, or any image, is not being communicated adequately to 
the management world in particular. This problem is of sufficient 
importance that a program of necessary and comprehensive scope 
be developed and promulgated as quickly as possible. This pro- 
gram should be of a long range and continuing nature, directed 
toward creating an awareness and understanding of the modern 
Industrial Engineering Function. The following specific recom- 
mendations are offered as guide lines in structuring the program. 
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These are broken down roughly 
fessional Development items. 


Public Relations 


1. Definitive articles (case histories) describing the successes 
of Industrial Engineering in companies should be developed 
and placed in leading management periodicals such as 

Harvard Business 

Articles by presidents and vice presidents of such companies 

as Argus, United Air Lines, Kodak, Procter and Gamble, In- 

ternational Minerals, etc., are illustrative of what is meant. CESS. 

Study the desirability of having a 50th Anniversary celebra- 

Conference on Management or 


N 


tion of the Amos 
Gantt’s 100th birthday in 1961 
modern Industrial Engineer 
needed to build an effective program 

3. More national control of the content of national conven- 
tion programs. This should take the form of specific dele- 
gation of authority and responsibility to appropriate na- 
tional officer or employee 

1. The possibility of two annual national meetings should be 
explored. AIITE has not had a national meeting in or around 
(Chicago or New York in four years 

5. New Industrial Engineering publications directed in part 

toward the management 

are many forms this can take 

should develop plans in this direction 

The AIIE executive secretary can be quite influential in re- 

gard to an effective public. relations program. He should 

be aware of public relations methods and experienced in 
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how to develop effective programs 


If desirable, an early start 1s 


world 


into Public Relations and Pro- 7. A study group should be set up to explore the criteria for 


defining the proper (and AIIE recommended) use of In- 
dustrial Engineering as an organizational function. This 
a very difficult subject to explore. Encouragement of the 


Professnonal Development 


as a means of showing the 


areas of management 


proper use of the term organizationally will enhance the 
image. The group felt that AITE should direct its attention 
toward the developing, identifying and promoting of In- 
Fortune, Business Week, ete dustrial Engineering in terms of the individual professional! 
engineer. In the long run, Industrial Engineering depend« 
upon successful individual Industrial Engmeers for its suc- 


1. Develop programs illustrating the professional Industrial 
Engineer at the chapter level. Develop workshops for Chief 
Industrial Engineers; build on their strength 

2. Focus attention on the individual as a problem-solver for 
management problems in the planning, review and control 


3. Bring the work of other professions in the management area 
to the professional attention of Industrial Engineers. 


From the above resolution it is evident that the Sym- 
posium was concerned about the urgency of the public 
should be initiated. There relation’s problem. This concern will result in activity by 


The Editor of the Journal the Board of Trustees in an effort to solve the problem. 


of our Institute. 


It is hoped that from this brief description of the most 
recent Symposium it has been possible to obtain some 
insight to the operations and importance of this vital part 


How to get new ideas 
Handling and Packaging 


These dynamic fields change so fast that new ideas are 
often out of date before they get into print. Yet, if your 
firm is to stay competitive, you must be aware of the 
latest concepts. 


One realistic way to keep abreast is to participate in the 
Industrial Management Center's 2-week courses in Materials 
Handling and Packaging. These work sessions provide 
practical training in new techniques, new methods of analy- 
sis, and in installing worthwhile cost reduction programs. 
Either course will revitalize your firm's efforts in that field. 


These coufses are effective. in 6 years, 230 men from 170 
manufacturing, transportation, and retail firms in 15 coun- 
tries have porticipated. Many send responsible top per- 
sonnel every yeor. 


on Materials 


TH 
Enroliment is limited. Personnel must be qualified for 7 ANNUAL TRAINING COURSE 


advanced training. 


Write for 20-page brochure. 


JUNE 12 TO JUNE 25, 1969 
LAKE PLACID CLUB 
LAKE PLACID, NEW YORK 


James R. Bright, Director 56-J Robbins Rd., Lexington, Mass. 
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CALENDAR 


March 24: One-day seminar will be held at the Roger Smith 
Hotel, Waterbury, Connecticut. This seminar will be sponsored by 
one of the newer chapters of AITE, the Naugatuck Valley Chap- 
ter. The theme is “Selling Yourself and Your Ideas to Your 
Superiors.” Write: Mr. Harold W. Hasko, United States Rubber 
Company, Naugatuck Footwear Plant, Naugatuck, Connecticut 

April 4-7: 1960 Nuclear Congress, The Coliseum, New York, 
New York. Write: Dr. Clarke Williams, Chairman of the Nu- 
clear Engineering Department of the Brookhaven National Lab- 
oratory, Upton, New York. 

April 19-21: National Conference of the Armed Forces Man- 
agement Association, Biltmore Hotel, Atlanta, Georgia. Write: 
Armed Forces Management Association, National Headquarters. 
Room 3d121, The Pentagon, Washington 25, D. C.: or General 
Management Associates, 881 Peachtree Building, Suite 210, At- 
lanta 9, Georgia 

April 21-28: American Society of Tool Engineers 1960 Tool 
Show and Annual Convention, Artillery Armory, 15000 W.8 Mile 
Road, Detroit, Michigan. (Technical Sessions—Sheraton-Cadillac 
Hotel, Detroit, Michigan.) Write: Harrv FE. Conrad, Executive 
Secretary ASTE, 10700 Puritan Avenue, Detroit 38, Michigan 

April 7-8: Annual Jomt West Coast TIMS-ORSA Regional 
Meeting will be held at the U. S. Naval Postgraduate School. 
Monterey, California. The meeting is sponsored jointly by the 
Northern and Southern California Chapters of the Institute of 
Management Sciences and the Western Section of the Operations 
Research Society of America. Write: Ernest Koenigsberg, Touche. 
Ross, Bailey & Smart, 100 Bush Street, San Francisco 4, Cali- 
fornia 

April 25: Ninth Annual Spring Conference of the Cleveland 
Chapter of AITE will be held in the new modern Cleveland Engi- 
neering and Scientific Center in Cleveland, Ohio, from 9 a.m. to 
9 p.m. The Conference theme is “Are You Clued In?” For infor- 
mation write: Mr. C. M. Bednar, Chairman, Promotion and 
Publicity, Square D Company, 4500 Lee Road, Cleveland 28, Ohio 


1960 CENSUS 


The 1960 Population Census will be conducted ax of April 1 
Every fourth household will be asked to answer the question 
“What kind of work was he doing?” for each person 14 vears of 
age or older 

In order that the statistics on scientific and engineering man- 
power be developed as accurately as possible, the Census Bureau 
has asked that we pass along to our readers a reminder that this 
question on occupation should be answered completely and pre- 
cisely. The entry should consist of at least two words in most 
CASCS. 

Some examples of acceptable entries are : 

Fire prevention engineer 
Industrial engineer 
Mechanical engineer 
Motion-study engineer 
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CALUMET CHAPTER 

A dinner meeting, September 8 at Wilson’s Restaurant, Gary, 
Indiana, served as the “Kickoff” for the Calumet Chapter’s 1959-60 
business vear. Speaker Jack F. Jerico, First Vice President, AIIF, 
spoke of “New Concepts of Industrial Engineering,” with a detailed 
analvsis of the new concepts as interpreted at college level and in 
industry today 

The Calumet Chapter’s October Dinner meeting was hosted by 
George Diamond's Restaurant, Hammond, Indiana. Mr. H. C. 
Nickels, an investment counselor, spoke on “Investment Objectives 
and Securities to Meet Them.” This was an informative and enter- 
taining evening 

A special methods project undertaken by Calumet Chapter 
representatives was recently completed and received local appre- 
ciation and piaudits 

Involved was a small manufacturing plant conducted by Smith 
Memorial Industries, an outlet for the efforts of handicapped (blind 
primarily) people in Gary, Indiana. The industry, though small, 
offers employment to the blind in making such marketable items 
as mops, ironing board covers, small rugs, blue jeans, denim shop- 
ping bags, etc. The basic problem, as it evolved, stemmed from 
extremely overcrowded conditions of the shop. This was alleviated 
considerably by a reorganized, orderly lavout, including improved 
storage. In this connection, one fixed and one mobile storage rack 
were designed and built, and two spool spindles devised to store 
and feed yarn and cover material onto a layout table. 

Several minor innovations were integrated into the overall 
package of recommendations which were, incidentally, accepted 
by the Smith Memorial Industries supervision and the Board of 
Directors. As of this writing, approximately 85% of the recom- 
mended program has been installed 

As a result of AIITE study and recommendations, the Board of 
Directors of Smith Memorial Industries began a Calumet area 
promotional program to attract more customers for Smith prod- 
ucts. This has taken the form of photographic newspaper coverage 
(Chicago Sun-Times. Garv Post Tribune. several local weeklies) 
and radio coverage (WGRY, WWCA—Gary, Indiana). In addi- 
tion liaison between the Industrv and various civic organizations 
has provided the AIIE with desirable publicity. 

Upon AIIE recommendation that the Industry, as now oper- 
ated, requires more space, the Board of Directors has placed on 
its agenda a plan to eventually underwrite expansion and/or relo- 
eation of present facilities 

Besides providing an interesting project for the AITE mem- 
bers who participated, this study and recommendations were 
warmly received by the people served. 

The Board Members and new officers of the Calumet Chap- 
ter conducted their first Fall business meeting, September 29, 1959 
at Cressmoor Country Club. New officers include: President, Lew 
Rose, U. S. Steel, Gary; Vice President, James Freeland, U. S 
Steel, National Tube Co., Gary; Treasurer, Ed Semplinski, U 
Steel, Sheet & Tin, Gary; Corresponding Secretary, Duane Say- 
lor, U. S. Steel, Gary; Recording Secretary, Louis Vidal, Youngs- 
town Sheet & Tube, Indiana Harbor. The Board of Directors in- 
cludes Harry McCabe, U. 8S. Steel National Tube Co. Gary; 
George Smith, Budd Co., Gary; Vern Droege, Youngstown Sheet 
& Tube, Indiana Harbor; Richard Fissinger, U. 8. Steel, Gary; 
Frank Kelly, U. 8. Steel, Gary; Henry Maurer, U.S. Steel, Sheet 
& Tin, Garv; Gerald Jones, Inland Steel, Indiana Harbor; Melvin 
Peterson, U. 8. Steel, Sheet & Tin, Gary; Phillip Cochran, Ameri- 


ean Bridge Co., Gary. 


LOUISVILLE CHAPTER 


Our closing program for the preceding fiscal year was a Ladies’ 
Night, held on May 20, and consisted of a Plant Tour of Spald- 
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ing Laundry and Dry Cleaning Co, Inc. This was one of the 
largest in attendance of all meetings last vear, and was thoroughly 
enjoyed by all who attended 

The new business year of 1959-60 began with a chapter meeting 
on September 16th at the Jeffersonville Dining Room, followed 
by a tour of the Colgate-Palmolive Jeffersonville Plant in In- 
diana 
found this tour most interesting, especially from the automation 


A good turn-out of sixty-one members, wives, and guests 


viewpoint. 


METROPOLITAN NEW JERSEY CHAPTER 


The September meeting, which was held at the Essex House 
in Newark, featured Henry H. Eskay, Vice President of Conmar 
Products Corporation, as main speaker. Mr. Eskay’s talk, en- 
titled “Crucial Problems Posed By Automation,” covered the 
relationships between labor and management as they are affected 
by increased automation. Especially important was his discussion 
of the organizational impact of white collar automation, and the 
part the Industrial Engineer must play in the new technology 

Lamont M. La Robardier, Manager of Procedural and Or- 
ganizational Research at Curtiss-Wright Corp., gave the program 
at our October meeting. His subject was “Setting Machine Time 
Standards for Minimum Cost.” By the practical use of the minm- 
mum-cost chart Mr. La Robardier discussed an approximate or 
simplified method as well as an exact method to determine lowest 
cost cutting speeds for a given set of conditions. This new tech- 
nique provides a scientific approach to the problems of cutting 
speed introduced by modern materials and methods. Mr. La 
Robardier is an active chapter member of our own Metropolitan 
New Jersey Chapter and a member of the Board of Governors 
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SAVANNAH CHAPTER ’ 


The Savannah Chapter of the American Institute of Industrial 
Engineers has recently completed a study of the Chatham County 
Public Schools. This study was made at the request of the Board 
of Education. Its purpose was to assist the board in evaluating 
the nonacademic operation of the “plant” and to determime areas 
of improvement. Some of the major areas studied included pupil 
transportation, vehicle maintenance, purchasing, and custodial 
SeTVICces., 

The following is an excerpt from the letter of appreciation re- 
ceived by the chapter from the superintendent of education 

“T would like to express to you our appreciation for 
the report on investigation of school plant operation in the 

Chatham County Public School System. This was a service 

to the school system and to the public. I think it was a fine 

thing for the members of vour Committee and for the associa- 
tion you represent to donate to the Board of Education -the 
amount of time and effort required to make this study 

Already, certain of the recommendations incorporated in your 
report have been implemented in our operation, I feel sure 
that this survey will continue to be of valuable assistance to 
us.” 

The First chapter meeting of the year was held in September 
at the Savannah Sugar Refinery. A well conducted plant tour was 
followed by a buffet supper and a business meeting. Many of the 
members had their first opportunity to view the processing of this 
very familiar product 

Mr. Louis Hagood of the US. Corps of Engineers was the 
guest speaker at the October meeting. Mr. Hagood’s topic was the 
engineering problems involved in constructing underground com- 
bat centers. These centers will be used to control the defense of 
the North American continent in the event of air or miasile 


attack. 
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SPRINGFIELD, MASSACHUSETTS, CHAPTER 


The Springfield Chapter No. 94 was born last March. This 
event became a reality after a brief but rapid moving prelude 
of six months. The fomming of a chapter to serve the Western 
part of Massachusetts was conceived by a group of Industrial 
Engineers, employed at Springfield Armory, Springfield, Massa- 
chusetts, who arranged an organizational meeting im OUrtober 
1958. 

The organizational drive, kindled by a message delivered by 
George H. Martin, President of the Boston Chapter, was spear- 
headed by Benjamin F. Ridall of Springfield Armory, interim and 
Charter President, and James E. Johnson, Chapman Valve Mig 
(‘o., interim vice president. During the winter months, the m- 
terim officers and committees kept the gears churning. Their 
efforts were rewarded by receiving a charter in March 1959 and 
by having a roster of 38 charter members 

In addition to the organizational effort, a regular monthly pro- 
gram was instituted under the direction of the vice president and 
program chairman, Jim Johnson. An excellent job was done. The 
November meeting was addressed by Martin Doring of Rath & 
Strong who spoke on “Industrial Engineering and Its Place in 
Industry.” The December meeting was highlighted by a most 
interesting talk on “Value Analysis” given by Dusty Fowlkes of 
the General Electric Co. In January, the first dinner meeting was 
held and followed by an enlightening discussion on “Factors to be 
(Considered in the Selection of In-process Materials Handling 
Equipment” presented by Marshall Scheider of Walworth & Co 

Mr. James Duncan, President of Work Factor Company, made 
the February dinner meeting a most satisfying one by speaking 
on “Production Planning and Inventory Control.” The March 
dinner meeting was a full evening during which the Chapter Con- 
stitution was accepted by the membership; and George Martin, 
President of the Boston Chapter spoke on “The Advantages of 
Predetermined Time Systems.” The April meeting was a joyous 
one. At this meeting the acceptance of our group as a Chapter of 
AILE was announced, and election of officers was conducted. Our 
guest speaker, although congratulatory, did not share in our ela- 
tron of the announcement. “Union's Attitude Towards Industrial 
Engineers” was the subject of Mr. Norman Ejiger’s talk. Mr. Eiger 
is Regional Educational Director of International Lady Garment 
Workers Union AFL-CIO, and editor of the District Union News- 
paper. There was no bloodshed after his talk. 

Ladies’ Night, held in May, was the climax of the season's 
calendar. A social hour and dinner preceded the meeting Mr. 
William Vallette, Vice President of Northeast Region AIIE 
formally presented the Chapter’s charter and installed the new 
officers for the 1959-60 season. They were: President, James E 
Johnson, Chapman Valve Mfg. Co.; Vice President, Louis Pieri, 
Buxton Inc.; Secretary, James E. Dowd, John Breck Inc.; Treas- 
urer, Robert C. Bisbee, American Bosch Div. American Bosch 
Arma Corp. Several hours of dancing followed. 

The 1959-60 season opened on Oct. 14. The high program stand- 
ard established during our first season was met by having Douglas 
H. Anderson, Manager of Special Products Division, Exec-U-Phone 
Systems Inc, Boston, Mass. speak on the problems of timely 
and accurate data-gathering and timekeeping and describing 
modern techniques available for solving these problems. The 
November meeting was one that will be remembered for a long 
tume by those of us who attended. This meeting was a joint meet- 
ing with the Boston Chapter held in Boston. We were host to our 
esteemed AIIE National President Frank J. Johnson. The pro- 
grams for the remaining six meetings have been planned, and an 
interesting season is ahead of us 

We wish to extend our thanks to our “big brother” chapters 
for their welcome and assistance and to extend our welcome to our 
“baby brother” chapters who received their charters since March 


1959. 
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» 


ST. LOUIS CHAPTER 

The St. Louis Chapter of the American Institute of Industrial 
Engineers started off the 1959-60 vear with a new idea and every 
indication of having an extremely successful year. The first meet- 
ing Was a “pre-season warm-up meeting” held on August 19th at 
the famous Barth Estate in St. Louis County. Approximately 50 
persons attended the festivities, which included swimming, ping- 
pong, “old yarns” and a picnic supper on the porch 

The September meeting was the first of our dinner-speaker 
meetings, and we were fortunate in having Dean Don Fischer of the 
Washington University School of Engineering speak on “The 
Crisis in Engineering.” Dean Fischer spoke of the abrupt down- 
iurn in engineering enrollment, which began with an 11¢7 drop in 
1958 and which will probably drop some more in 1959. He said that 
this downward trend is hitting the nation just when the demand 
for engineers is getting greater and greater each vear as a result 
of automation and advanced technology The drop in enrollment 
also has an immediate effect on the engineering schools, since the 
smaller tuition income results in unbalanced budgets and the 
cutting of necessary cost items such as laboratones Dean Fischer 
said that there has been an effort made to determine the cause 
of the downturn, however there doesn’t appear to be any one or 
even several reasons which can be directly pointed out as being 
the answer. One thing he did mention, was that engineers, and 
many times successful engineers in high positions, don’t do enough 
to counter the propaganda that pours forth labeling the en- 
gineers as being “uncultured persons” in an age of humanities 
Dean Fischer went on to say that he felt that culture does not 
come from an added number of liberal arts courses, but rather 
from the taking of so-called humanities courses which are geared 
to the needs of a group. He cited the successful engineering cours 
of “Human Relations in Industry” as being the type of courses 
that are needed. It was truly an interesting meeting 


WINSTON-SALEM CHAPTER 


For our April meeting, Mr. Donald S. Holmes, Logician in the 
Operations Research and Synthesis Section of the Large Steam 
Turbine Generator Department of General Electric Company at 
Albany, New York, spoke on “Horse Kicks and Quality Controi.” 
He covered the probability theory leading to the Poisson proba- 
bility function and its use in quality contro] and applied statistics 
Election of officers for the new year also took place at this meet- 
ing. They are: President, Clarence M. Dunlap, Jr.; Vice President, 
Fred T. Carter; Secretary, Milton R. Sweatman; Treasurer, Rob- 
ert A. McLean. Directors for this vear are: Millard W. Hodge. 
Hal G. Worley, Harold H. Mathews, Edgar A. Aldridge, Charles 
T. Johnston, and Marshall G. Bryant 

In May the Annual Ladies’ Night consisting of a banquet and 
dance culminated the 1958-1959 season 

A meeting of Officers and Directors was held in August to 
approve the 1959-1960 budget and appoint committees 


YOUNGSTOWN CHAPTER 

At our September meeting Mr. Renfrew, representative of IBM 
Corporation, gave an interesting talk on computers and their use 
in the Industrial Engineering and manufacturing fields. He ex- 
plained the different types of computers and their varied applica- 
tions. The main topic of discussion centered on the potential pur- 
chasers inability to communicate with IBM representatives on 
common ground, a situation primarily due to the lavman’s lack of 
fundamental knowledge of computers 

The October meeting took the form of a “One Most Pressing 
Question Forum.” The meeting was aimed at finding an answer 
to the one most pressing problem of each Industrial Engineer 
ki vervone wrote down his chosen question and dropped it in the 
fixh bowl as he entered the meeting room. The chairman picked 


questions af random from the bowl and read each question to the 
group. This group therapy type of program was quite a success 
for different members shared their combined knowledge and 


practical experiences as each question arose 


BOARD OF TRUSTEES’ MEETING 


Biltmore Hotel 

Atlanta, Georgia 

Session I, Friday Evening, October 16, 1959 
Session II, Saturday Morning, October 17, 1959 


The Board of Trustees of ALLE is the official guve rning body of 
your orgarazation This group meets to conduct business for gon 
twice a year The oficial minutes of the October Board of 
tees’ Meeting are published in the JOURNAL to keep you w- 
formed of activity. 

The meeting was called to order by President Johnson at 8:45 
P.M. October 16, 1959. Among those in attendance were: Frank 
J. Johnson, President; Jack F. Jericho, First Vice President; 
Flovd J. Titler, Executive Secretary; Ralph W. Updegraff, Treas- 
urer; George H. Gustat, Past President; William J. Vallette. 
Vice President, Region I; Leroy O. Gillette, Vice President, 
Region II; Charles G. Howard, Vice President, Region II; John 
A. Nattress, Vice President, Region IV; James A. Richardson, 
Vice President, Region V; William N. Bryant, Vice President. 
Region VI; John L. Imhoff, Vice President, Region VII; Arthur 
E. Aronson, Vice President, Region VIII; Arthur L. Ziegelmeyer, 
Jr. Vice President, Region IX; Carl F. Kaiser, Vice President, 
Region X; Robert H. Roy, Board Member-at-Large; Warren F. 
Alberts, Board Member-at-Large; Alex W. Rathe, Board Member- 
at-Large: Howard P. Emerson, Former President; Frank F 
Groseclose, Former Board Member-at-Large: Robert N. Lehrer. 
Editor-in-Chief, The Journal of Industrial Engineering; James T 
French, Director of National Meetings; Henry M. Owades, Direc- 
tor of CEC Affairs, ALLE Profs sonal Re lations (Committee; 
Daniel E. Mahaffey, President, Atlanta Chapter AIITE; and Don 
A. Trenwith, Business Administrator 

1. Minutes, May 145, 1959 Board of Trustecs’ Meeting—Mr 
Gustat moved that the minutes of the May meeting be approved 
as pres nted. Motion seconded by Mr. Jericho. Motion passed 


2. OLD BUSINESS 


2a. United Engineering Center—Fund Raising Campaign 
Henry Owades, Director of UEC Affairs, reported on the progress 
of the campaign. The Institute had pledged approximately 71.45% 
of its quota. A written report was distributed. It contained two 
recommendations for bolstering the campaign 
1. A reinstitution of the close follow-up which the regional 
campaign managers (1958-59 Regional Vice Presnlent=) 
started last April 
2.A personal and close supervision of 13 specihied chapte rs hav- 
ing unfulfilled pledges of $1,000.00 or more. This follow-up 
to be done under the coordination of the regional campaign 
managers, but by the respective 1959-60 Regional Vice Presi- 
dents. The Board concurred with these recommendations 
Mr. Owades listed 24 chapters that are now on the honor roll, 
having reached 100% of the quota assigned to them. These 24 


chapters are: 


Mid-Hudson Evansville (jreat Salt Lake 
Rochester, N. Y Calumet San Francisco-Oak- 
Boston Charleston-Hunting- land 

Central Connecticut ton Metropolitan New 
York, Pennsylvania Toledo York 

Nashville Baton Rouge Sacramento 
(hattanooga Houston Seattle 

Twin City Oklahoma City Winston-Salem 
Mississippi Valley Fast Texas Lehigh Valley 
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Mr. Owades listed the following chapters as having not yet 
submitted any report or indication that their campaign is under- 


way: 
Mohawk Valley East Tennessee St. Louis 
southwestern Con- Memphis Cleveland 
necticut Middle Tennessee Davton 
Worcester Western North Indianapolts 
New Orleans Carolina Stark County 


Birmingham Western Virginia 


The Board of Trustees’ members will each add their ov: orts 
when speaking to any ol tha chay ters within the next few ‘hes 
This campaign must be brought to a successful conclusion s. ‘hat 
we may demonstrate to the other mterested someties that the 
AITE is contributing their share toward the URC 

2b. 1960 Conference and Conventwmn Re port Mr Updegraff re- 
ported on his correspondence with the 1960 (C‘onterence and 
Convention Committee regarding their proposed budget. An 
advance check on the amount of $400.00 has been forwarded 
to this committee. Mr. Updegraff has suggested some changes in 
their budgeting techniques and has communicated to then the 
instructions of the Executive Committee as passed at the Sep- 
tember meeting 

Vice President Zicegelmever, as a member of the Conference 
and Convention Committees reported that the entire budget was 
being studied and new matenal would be furnished to the Execu- 
tive Commiuttee prior to their November meeting 

The Executive Committee instructed Mr. James T. French, 
Director of National Meetings, to provide for more detail m the 
budgeting techniques im hus proposed revision of the National 
(‘onference Manual. Mr. French was also directed to contact the 
Detroit Chapter (host for the 1961 conterence) and imetruet them 
to prepare a more detailed budget, following this proposed new 
pattern, ready for consideration by the Board of Trustees, at their 
Mav 1960 meeting 

Mr. Ziegelmever will arrange for a copy of the revised 1960 
Conference and Convention Committee budget so that it may be 
reproduced by the National Headquarters otties ind distributed 
to all members of the Board of Trustees 

Qe. Journal Advertising Taskforce Report—Dr. Lehrer, as 
Leditor-in-C hw f of the Journal, Was asked to make a progress re- 
port to the Board on the study of the Journal advertising prob- 
lem 

Dr. Lehrer reported that the taskforce had been staffed with 
Delmar W. Karger and Rogers Akers serving as co-chairmen, with 
Gordon Early, Jack Walker and Dr. Lehrer also serving 

This taskforce expects to have a proposal for the improvement 
of the Jou nal vdve rtizing bys Januar ( ‘onsid- 
erable effort has already been rut mto the study. but wall require 
considerable more effort by the taskforce before a successful solu- 
tion ean be found ~ 

24. EOCPD Definition of Enaginecang—Dr. Rathe reported that 
the proposed ECPD definition of engmeerring (first shown to the 
AIITE at the time of the Mav Board of Trustee<" Meeting) ix still 
under study. The Board, at that time, requested that the Long 
Rang: Planning Committe ake a study of thos proposed ite fini- 
thon and send their recommendations to the Profes-onal Relations 
Committee, The Professional Relations (Committee has received 
these recommendations and is now circulating them to 20 mem- 
hers of the committee. After this studv and a review of their 
recom ndations by thy Long Range Planning ( ommuttee, Dr 
Rathe plans to submit the combined recommendations to the 
Board of Trustees for A mail ballot The ballot should he ready 
for distribution to the members by December 1. The mail ballot 
will be necessary so that the final recommendations of the AILE 
ean be submitted to the ECPD by spring of 1960 

2e. LUnionization of Engineers—President Johnson and Mr. 


Jonvory—febrvary, 1960 


Titler reviewed the background of ALLE’s study of a policy that 
would demonstrate our position and thinking about the unioniza- 
tion of engineers. It was explained that the latest proposed draft 
of a policy statement had been submitted to Attorney Dargusch 
and that he made some fevisions and recommended the statement 
which is now submitted. This draft was thoroughly discussed by 
the Board of Trustees 

President Johnson summarized what seemed to be the con- 
sensus of the Board and referred the recommended resolution 
back to the Professional Relations Committee. The Professional 
Relations Committee is to give further study to the several pro- 
posed statements 

To further clarify the results expected in this study, Mr. Alberts 
made the following motion: All files of the various proposed 
resolutions to be returned to the responsible taskforce of the Pro- 
fessional Relations Committee for consolidation to a more logical 
and meaningful statement of the ALLE’s policy on unionization 
Motion seconded by Mr. Jericho. Motion passed. 

Dr. Rathe, as Chairman of the Professional Relations Com- 
mittee, is to communicate to the taskforce the Board's appreciation 
of their efforts on this project and request that they contimue 
their studies and earry on the work as mentioned above 

9 Other Old Business 

2/1. Organization Study—Mr. Jericho reviewed the previous 
proposal of the Organization Study Committee that was reviewed 
by the Executive Committee at their past meeting. Copies of the 
plan had been circulated to all the Board of Trustees’ members at 
that time. Several suggestions for changes in the onginal plan had 
been accepted by the committee and incorporated into the re- 
port. The Board of Trustees discussed the entire plan and took 
the following action: 

Mr. Gillette moved that the committee's recommended new 
organization be approved im principle, using the title of “Executive 
Director” instead of “Executive Vice President” for the new pos- 
tion to be created. Motion seconded by Dr. Rathe. Motion passed 

Mr. Jericho reported that with this action by the Board of 
Trustees, his committee would continue their study, and in con- 
junction with the Constitution Committee, make up a report on 
the necessary changes in the Constitution and the necessary 
changes in the AILE job descriptions so that the plan might be 
unplemented. 

2f2. Letter about Accreditation—President Johnson read a letter 
referring back to previous correspondence with an engineering 
school regarding their request for permission to establish a student 
chapter. The problem involves the accreditation by ECPD im rela- 
tron to (3) of Article IV, Section 3(A). 

Col. Groseclose, the chairman of the commiuttee previously 
asked to rule on this case, asked for clarification of category (3) 
saving that it was very difficult to resolve the problem without 
knowledge of what was meant by this provision 

To provide the committee with this information the Execu- 
tive Secretary was asked to search headquarters files and to 
write to those individuals who originally proposed this provision 
which was an amendment to the Constitution 


3. NEW BUSINESS 


3a. Membership Report—Mr. Titler reviewed the Member- 
ship Report as of October 1, 1959. The report shows at this time 
that there are 5331 associate members, 2880 members, 13 fellows, 
for a total of 8244. As of this date there are 506 affiliates. On 
this date, there were 99 applications in the hands of the MQC 
Since October 1, approximately half of these applications have 
been returned to National Headquarters, the remainder are in 
the hands of the new MQC in New Orleans. The Chairman of 
this new Membership Qualifications Committee is Mr. William 
I. Fourqurean. 165 applications were received by Headquarters 
during the month of September and 115 had been received at 
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National Headquarters during the first fifteen days of October 
3b. New Chapt: Ri port—Mr. Titler reported that two chap- 
ters have been chartered since the time of the September Execu- 


Commiuttes Meeting The new nior Chapter is 


No. 101 Central Virginia Chapter, AITE 
N H Friedman. Vice President 
PO. Box 839 
Lynchburg. Virginia 
The following new Student Chapter has been chartered 


University of Minnesota Student Chapter 
Douglas Norman, President 
Mex hanical Engines ring Depart nt 
Universit, of Minnesota 
Minneapolis 14, Minnesota 


Mr. Jericho stated that from his correspondence with the Vice 
Presidents of the Regions he has compiled a list of 34 proposed 
Senior Chapters Im Various stages of Organization Mr Jericho 
was optimistic that many of these groups would be chartered 
during the coming few months 

Mr. Nattress. Vic President of Region IV, announced that 
the proposed Orlando Chapter was well! underway and expected 
‘© approve their Constitution at a meeting on Tuesday, October 
20 

3c. Financial Report Mr Updegraff presented the vear end 
financial report and reviewed many of the items with the mem- 
bers of the Board 

Mr. Vallette moved the Treasurer's Report be accepted. Mo- 
tion seconded by Dr. Rathe. Motion paased 

3d. 1959-60 Budget—Mr Updegra ff \presented the proposed 
budget as prepared by the Executive Srretary, Treasurer. and 
Chairman of the Long Range Financial Planning Committee 
This proposed budget as amended by thé Executive (ommittee 
at their September meeting was recommended to the Board of 
Trustees 

The Board discussed each item ot (ne budget. Dr. Rathe yvol- 
untarily changed his request for expenses as a Board Member. 
at-Large, by reducing it $10000. Thi« $100.00 was subseque ntly 
added to the proposed allowances for the Vis President of Re- 
gion IX. 

The Board of Trustee« accepted the 1959-60 budget by indi- 
vidual motions for each major breakdown of income and ex- 
pense. The total budget for each classification, incoms and ex- 
pense, will be $140.750.00 (Appendix 1—these minutes) 

Dr. Rathe moved that with the approval of the $2.100.00 total 
expense allowance for the Presidential Committees, that the 
Board of Trustees give the Professional Relations Committee first 
consideration if any additional monevs become available for ex- 
penditure during the vear. Motion seconded by M; Aronson 
Motion passed 

With the approval of the budget, the mes Ming Was recessed at 
12:15 A M Octobe r l7th Pre sident Johnson announced that the 
meeting would reconvene at 9-30 A M. October 17 in the same 
room 

de. Engineering Management Conference—Dr. Rathe reported 
that the early preliminary reports indicate this meeting was both 
technically and financially «nec ssful. A detailed report has been 
submitted to the Engineers Joint Council, but is not vet avail- 
able for distribution 

Dr. Rathe moved in accordance with the recommendations of 
_ Mr. MeNiece. AITF’s chief delegate to the Engineering Manage- 
ment Conference, that the AITE take action to assume financial! 
responsibility along with the other participating societies begin- 
ning In the vear 1960 There Was no second to the motion 

3f. CIPM Membx rship—Mr. Titler conveyed the recommenda- 
tion of the Executive Committee made at the committee's Septem- 
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ber meeting recommending that the Board of Trustees take action 
to joi the Council for International Progress in Management 
when the Board feels the necessar funds are available 

Dr. Lehrer and some of the memby rs of the Board of Trustees 
raised questions about eertain activities of the CIPM. their his- 
tory, and present activities 

Mr. Alberts made a motion that the Board of Trustee< take 
mtion to Jom the CIPM during this fiscal vear Motion seconded 
by Dr. Rathe. Motion did not pass 

Dr. Rathe moved that the AIIFE take action to jom the CIPM 
next October 1. Motion seconded by Mr. Vallette 

Mr. Updegraff moved that the Board table the above motion 
and ask the Director of International Relations to present state- 
ments in support of his recommendation that AITE join CIPM. 
Motion seconded by Mr Roy. Tabling motion passed 13 to 4 
The motion is tabled for consideration at the May Board of 
Trustees’ Meeting | 

3g. Other New Business 

3gl. Classification of Indudtrial Engineering Positions by the 
(‘url Service Rathe reported that the Civil 
Service Commission has released a draft on the proposed new 
definitions of Industrial Engineering to be used by the Commis- 
sion. The draft of the proposed change was received by the Pro- 
fessional Relations Committee on October 3 The draft is being 
duplicated and circulated to members of the Professional Rela- 
tions Committee. When the Professional Relations Committee has 


(‘ommission 


reviewed this document and made their recomime ndations, the 
proposal will be circulated to the AIE Board of Trustees for a 
mail vote. 

3e2 Require ments far Dele Jatcs to Engineers Joint 
Council—Dr. Rath, 
quirements for the AIIE delegates to Engineers Joint Council 
These requirements hav been submitted by a committee com- 
posed of Robert S. Ric (Chairman), Dr William J. Jaffe and 
Morley H. Math: 

Dr Rathe move. that the Board of Trustees accept the recom- 
mendation of the COMM tee preparing them that these require- 


presented a proposal that defines the re- 


ments be established as policy to be used as a rule in appoint- 
ing delegates to the Engineers Joint {‘ouneil. Motion seconded 
by Mr. Vallett. Motion passed (Appendix 2—thes 

363. Standards Of Industrial Enginecring Education Dr. Rathe 
reported that the taskforce working on this project was making 


minutes ) 


better progress than had been expected and that a report could 
be expected the first of January 

jedi Publication of (antlers nee Proceedings Dr Lehrer, as 
f of the Journal. d thee Board consider thee 
re-establishment of a previous poliew calling for the publication 
of the Proceedings of AITE National Conferences as a r gular 
mene of the Journal of Indust val Enaines ring. Dr. Le hrer stated 
that this was the oniv way he veal that satisfactory finan- 
eal position in publication of thes proceedings could be at- 
tained. The recent experience of the Atlanta Confer nee Com- 
mittee and the subsequent financial Joss in the publication of 
these proceedings wie considered 

Dr. Lehrer stated further that some price, probably about 
S450 to $5.00 per registrant should by paid by the Conferencs 
Committee toward the publication Of the proceedings. The Jour- 
nal staff would publish the proceedings as a Journal ine and 
distribute the mina pape rhacked re gwiilar edition to all members 
and Journal subscribers of AIITF Copies that would he « nt to 
the Confere nee Committe. could be hardbound for distribution 
to the registrants of the Convention. Additional copies mm a 
hardbinding could be provided for future sale by the Conf: rence 
Committee and/or the National He adquarters Offic: 

Mr. Jericho suggested that the Dallas Conference and Con- 
Yention Com mittes bee allowed fo continue with any plans for the 


1960) proceedings already too far advanced for change 
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After further discussion, President Johuson asked Dr. Lehrer to 
ummediately contact Chairman Dodson in Dallas and work out 
a plan for presentation to the November Executive Committee 
1960 Conference Proceedings 
a committee for study of the 
This com- 


regarding the 

President Johnson appointed 
permanent plans for future Conference Proceedings 
to Mr. James T. French, Director of Na- 
tional Meetings, Dr. Robert N. Lehrer, Editor-in-Chief of the 
Journal of Industrial knginee ring, and Jack F Jericho, First Vice 


mittee consist of 


is 


President. The report of this committee is to reach all Board 
members for study before the Board Meeting in May 1960 
325. Industrial Engineering Posters—In response to several 


requests, brief consideration was given to the possible preparation 
of posters for distribution to high schools by Senior Chapters 
and Industrial Engineering Departments of our universities. These 
posters would be used to publicize Industrial Engineering educa- 
tion to high school students 

3a6. Staff’ Reportse—Mr. Alberts suggested and the 
the Board concurred, that too much time is being spent at Board 
of Trustees’ meetings studying the detail of problems instead of 
sufficient staff work having been done by the interested parties 


rest of 


in advance. The Board of Trustees therefore asks that all future 
recommendations to the Board be presented with complete de- 
tails for consideration and that a summarv be attached for im- 
mediate consideration. The Board further suggests that these 


should bye distributed to the Board ol Trustees 
advance so that each Board Member may have 


recommendations 
members well in 
an opportunity to consider the details of the proposal prior to 


the meeting. 


Adjournment—The meeting was adjourned at 12:30 PM 

Next Meeting The next meeting of the Board of Trustees 
will be held on Friday, May 13, 1960 at the Sheraton-Dallas 
Hotel. This meeting will be held in conjunction with the AIIE 


1960 National Conference and Convention 

The next meeting of the Executive Committee will be held 
on Saturday, November 7, 1959 at the Be llevur -Stratford Hotel 
in Philadelphia, Pennsylvania. This meeting will be held in con- 
junction with the Second Annual AIITE Northeastern Region Con- 


ference and Convention 


A ] 


Institute of INvustams ENcingers. [ne 


145 North High Street, Columbus 15, Ohio 
ror Year Ocroser 1, 1959 To Sertemper 30, 1960 
INCOME 


1. Dues 
a. Member 
hy bate 


$52.000 00 
52.000 00 


7,000.00 
f. Member-at-Large Chapter Dues 2,000.00 
2 Publicity and Publication 
a Books 600 OO 
Total Pubheity anil Publications 10 600.00 
50.00 


Janvory—February, 1960 
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Total Miscellaneous ............. 1150.00 
EXPENSE 
|. Administrative 
©. 5,500 00 
©. 1,000 00 
3,100.00 
g. Office Equipment ......... 800.00 
h. Office Maintenance 450 00 
| Business Administrator Expenses 1 350.00 
Total Administrative $ 61.747 00 
2. Uccupancy 
a. Rent 5.060 00 
3. Publicity and Publications 
b. Miscellaneous Printing .............. 2,500.00 
35,340 00 
Total Publicity and Publications ..... 38,640 00 
4. Officers and Committees 
b. Directors and Committees ........... 4,970.00 


Total Officers, Directors and Committees $ 20,040.00 


5. Miscellaneous 
>. 7,038 00 
e. «cc 5,000.00 


Appendiz 2 
MENTS por De tecates to Exainerrs Counce. 


Engineers Joint Council decisions can affect policies and prac- 
tices of each of its constituent member societies. These decisions 
are developed and concluded by the discussions and votes of 
delegates appointed by each member society. Therefore, appraisal 
of selected delegates to represent the American Institute of In- 
dustrial Engineers should result in a satisfactory balance of the 
following specific requirements: 

1. Membership. A delegate should be a fellow or member of 
active standing of the American Institute of Industrial Engi- 
neers. In addition, he shall have been a member for at least 
three years prior to appointment to the office of delegate. 
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9 AIIE Knowledge and Experience. A delegate must under- 
‘tand the structure, policies and operating practices of the 
AIIE national organization and of its chapters It i pref rred 
that a delegate should have served the national organiza- 
thon, or a chapter, as an officer or committee chairman 

He lated A now ledge and Eryx wne-?r A ce ke gate should have 

knowledge and experienc related to the work of the EJC 


committee or board to which he is appomtle d 

4. Prose ssional Standing A ke le gate should be (or have boen 
m the case of retired delegates) engaged im a position or 
business activity that is comparabl im level of attainment 
with those of other EJC delegates with whom he will asso- 
ciate There should be some evidence that his prolessional 
recognize the delegate as having prof sional stat- 
ure that is above the averag 

Character. A delegate should have demonstrated in his 
ALLE activity, and im his work in the general field of In- 
dustrial Engineering, that he has a positive balance of values 


Je 


with r gard to the following: depe ndatnlity to discharge his 
responsibilities and commitments: creative talent to gen- 
erate solutions of problems and ideas for progress; tact and 
diplomacy in dealing with people; mitiative to fill the needs 
for fship ; and integrity to demonstrate the AILF creed 


Roveming « thical practices 


THE ORGANIZATION OF CONTROLLERSHIP, by EF. B 
(Cochran, Journal of Industrial Engineering, July-August, 1959. 


Just a brief note to say that vour staff did an excellent job in 
handling the printing of the material for my article on “The Or- 
ganization of Controllership” in vour July-August issue. I was also 
interested in the editorial comments preceding the article which 
brought out, I thought, rather clearly the close relationship be- 
tween controllership functions and those which have been de~ig- 
nated as “Industrial Engineering” for some period of time. There 
is considerable common ground, and it is only natural that there 
be inte rdepart me ntal controversies as mentioned by the commen- 
tator. 

Having been mildly accused of taking a narrow view of In- 
dustrial Engineering, I would like to say something in my defense 
What appears to be happening is that Industrial Engineering has 
won a far larger victory than even its strongest proponents vet 
realize. In effect, the controllership function represents an appli- 
cation of Industrial Engineering proposals and technique = through 
the medium of financial analyses and broad techniques of manage- 
ment control. | myself, for example, generally hire personnel with 
Industrial Engineering background and seldom look for people 
with extensive accounting experience. This inevitably restricts the 
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Industrial Lengines ring Department proper to basic services of an 
analvtical and control nature for the manufacturing organization, 
and it seems logical to continue to call this function “Industrial 
Engineering.” The name used for the functions performed in the 
(‘ontroll rs office (or in similar oftices reporting directly to top 
management performing functional analyse= of procedures and 
operations) may be “Operations Analysis,” “Planning Office,” “Con- 
trol Section,” etc. The point is that the analy tical function has now 
come ol age—OWing a good bit to Industrial Engineering efforts 
and the name of the department is more or less unimportant. As a 
practical matter the Controller's Office is coming to discharge 
functions for a number of fairly cogent reasons, but in the process 
is losing its original accounting emphasis entire ly. I have discussed 
this subject at more length in the article, “What Is a Controller,’ 
referred to by the article in the Journal of Industrial Engineering 

This entire subject of the development and expansion of ana- 
lytical and control functions out of Industrial Engineering and up 
to the top levels of management has been of extreme interest to 
me, and I think a good byt needs to be clarified if sterile inter- 
department controversies are to be avoideh—E. B. Cochran, 
Budget Manaq r, Rokr Aircraft Corporation. 


SIMULATION AS A PRODUCTION AID, by John L. Colley, 
Jr.. Journal of Industral Engine rind, Julv-August, 1954 


I have one question about the article entitled “Simulation as a 
Production Aid.” Along about the middle of the first column on 
page 207 it is stated, “It was decided that since direct mathematical 
calculation of the probability that two parts chosen at random 
mating properly would be very difficult, simulation of the assembly 
by the Monte Carlo technique would be the most expeditious ape 
proach.” 

In view of the fact that normal distribution was assumed for 
each of the two mating parts, it seems to me that the mathematical 
caleulation referred to is no more than a straight forward applica- 
tion of the propagation ol error theory The average difference 
between the two parts is the difference of the average dimensions. 
or O67 — 062 — 005. The standard deviation of this difference is 
the square of the sum of the squares of the individual standard 
deviations, which figures out to be 0026. Dividing 005 by 0026 
gives 193 standard deviations, and the table of areas under the 
normal! curve says that the probability of Part 2 being smaller than 
Part 1 ix 0268. How much more expeditious can vou get” 

li the individual! distributions had been skewed or otherwise 
non-normal, then the distribution of their differences would like- 
wise have been distorted, but I think I am right in stating that the 
sum of difference of normal distributions is of itself a normal dis- 
tribution 

If the foregoing comment is correct, this would seem to me an 
unfortunate application of simulation, for two reasons. First, it is 
considerably more trouble to simulate than to calculate. Secondly, 
the simulation process ix subject to sampling errors not encoun- 


tered in the analytical approach 


REFERENCE 
(1) Acneson Quality Control and Industrial Statix- 
tics, Richard D. Irwin, Inc., Homewood, Ilimois, 1955, pp. 72 
A R Burae He ad. De partie ni of Jnalustrial (reine, 
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AUTHOR’S COMMENTS 


I appreciate Professor Burgess taking the time to write regard- 
ing my article “Simulation As A Production Aid.” 

Professor Burgess is corre¢t in his statement that if the thick- 
ness of parts A and B are each normally distributed, the difference 
in size of pairs of A and B, drawn at random, will be normally dis- 
tributed with mean equal to the difference between the means of 
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the individual parts and variance equal to the sum of the variances 
of the individual parts. 

At the time I made this study eighteen months ago, I held a 
B.S. in Industrial Engineering and had completed a basic course in 
Statistics, a course in Quality Control, and a graduate course in 
Experimental Statistics for Engineers. | was not familiar with the 
above relationship at that time and used the simulation approach 
as described. 

Perhaps in this instance I was typical of many thousands of 
Industrial Engineering graduates who left school with less statis- 
tical training than needed. Professor Burgess is correct that the 
direct calculation is much simpler, provided that is, that the person 
involved is familiar with the theory. The Monte Carlo process and 
its successful application, in this instance in a very unsophisticated 
manner did provide the solution, and it is felt that the results are 
none the less valid because a theoretical approach existed above 
the educational level of myself and probably other members of 
this society. 

Again my thanks to Professor Burgess—John L. Colley, De- 
partment of Industrial Administration, School of Engineering, Yale 
University. 


Reading the recent article, “Simulation as a Production Aid,” 
by Mr. John L. Colley, Jr., I had a problem that has been some- 
what troublesome to me as a teacher displaved in our professional 
magazine. For far too many students, the powerful simulation 
techniques become an excuse for failing to think. “Monte Carlo 
exists, it can solve this problem, why learn other methods?” 

As a result of this stimulus, 1 have prepared the following com- 
ments on this situation, together with an analytical solution to Mr 
Colley’s problem 

The old ind thee wh it Vol he is us ipplicable 
to Industrial Engineers as it is to men in any other line of work 
and more so than to most. A large part of the work of the Indus- 
trial Engineer is not “doing” alone, but rather in getting others to 
‘do” correctly and, particularly, in getting others to think in a 
specific way, to think in terms of motion economy, to think in terms 
of scventific and economic solutions to Industrial Engineering prob- 
lems. To hope for any success un this direction, the Industrial En- 
gineer must be as careful in his selection of the methods and tech- 
niques which he uses as he would like for others to be in their's 
In part, it is the matter of setting an example, but, in larger part, 
it is being fully conscious vourself of the real meaning of these 
ways of thinking 

An example which has been driven home forcefully to the writer 
on several recent occasions is the misapplication of simulation or 
“Monte Carlo” techniques. It should be understood that this is 
not belittling simulation; it is a powerful tool when correctly used, 
but like all powerful tools, it presents a very great temptation for 
misapplication. A description of such, a misapplication was pub- 
lished in the July-August 1959 issue of The Journal of Industrial 
Engineering i an article entitled “Simulation as a Production Aid.” 

In this paper, the problem presented in its simplest terms was 
that given two parts, A and B, which are produced by independent 
processes, each producing parts with independent, normal distribu- 
tions, with known universe averages uw, and ps», and known uni- 
verse standard cle viations, . and On : find the probability that. of 
a randomly drawn pair of parts, A will be smaller than B in the 
dimension of interest. With respect to this problem, Mr. Colley 
says, “It was decided that since direct mathematical calculation 
of the probability of two parts chosen at random mating properly 
would be very difficult, simulation of the assembly by a Monte 
Carlo technique would be the most expeditious approach.” Basi- 
cally, there is one fault with this statement, direct mathematical 
calculation of this probability is very simple. This reverses the 
expediency of using a simulation technique. Using Mr. Colley’s 
values of uw. — 057” and pw. = 062” and oa,’ = 001667" and oa,’ = 
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002", it can be calculated as follows: 

1. The expected difference between paired members of popula- 
tions whose expected values are known is the difference between 
these expected values or js — fs = pes (2, p. 568). Thus we would 
expect that the average difference between these two parts would 
be that part A would be smaller by 062” — 057” or 005”. 

2. Since the universes of the parts are normally and independ- 
ently distributed the distribution of the difference is normally dis- 
tributed (3). 

3. Since the two parts are independently manufactured and 
chosen, = + 6,” (2, p. 569). Then * may be caleu- 
lated as (.002)* + (001667) or ov.’ = 0026038 

4. Then the probability that part A is shorter than part B (the 
probability that the two randomly chosen parts will mate properly) 
is the probability that the difference between the two parts is less 
than the average by an amount less than the average in the un- 
favorable direction or the probability that the difference deviates 
from its mean by less than 005 or, normalizing, by less than 005/ 
0026 standard deviations or 1.92 standard deviations in the unfa- 
vorable direction. (All deviations in the other direction will still 
produce mating parts.) 

5. Looking thix value up in a table of normal areas(1), it 
found that the probability of a good mating under the assumptions 
given in 9726 and, of course, the probability that they will fail to 
mate, if the original assumptions are true, i 0274. 

The caleulation of the solution by this method required eight 
minutes and no instruments other than a pencil and paper to yield 
an exact solution while simulation required, according to Mr 
Colley, “less than half a day” using a desk calculator even when it 
was not carried on long enough to provide a close approximation 
to the value desired. 

The simulation method is an excellent tool for use when mathe- 
matically exact solutions are not available or are inordinately 
cumbersome, but where there exists a convenient and direct mathe- 
matical solution, the use of prolonged simulation methods is much 
like driving tacks with a sledge hammer; the tool is sufficiently 
powerful, but the efficreney is somewhat low 
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Now Available to AIIE Members 


AllE decals 


Approximately 3!/, inches in diameter 
Cost $.50 for two (minimum order) 


Order from: AIIE Headquarters 
145 North High Street 
Columbus 15, Ohi 


The Journal of Industrial Engineering 31 


PROFESSIONAL RELATIONS ACTIVITIES 


Commenting about the air of confusion which permeates the 
communications media regarding the spheres of interest of engi- 
neers, scientists and technicians, Dr 
the following to say: “With all due respect to the excellence 
their (National Association of Science Writers) intentions, I 
cannot agree that science is either the cure of disease, the im- 
provement of auto engines, or the production of new fertilizers. 
In fact, I may go a step further and state that neither is science 
the establishment of a station on the moon. All these practical 
accomplishments are notable triumphs of engineering and tech- 
nology, but they are not science as such. 

“To stress the difference between science and technology is 
not to imply value judgments, for each is equally necessary to 
our society. The danger is that through lack of understanding of 
the nature of scientific research and what it requires in order to 
flourish, we may fail to cultivate it adequately.” 

The scientists are not alone in their plight of suffering from 
the lack of a clear public image. The image of the engineer isn’t 
exactly in focus. 

Being fully aware of the problem, the Public Relations Com- 
mittee of the EJC is carrying on a quiet but intensive campaign 
to help clear some of the public confusion regarding the engi- 
neers image. An article in an earlier issue of the Journal ac- 
quainted you with the details of this campaign. Briefly, it con- 
sists of a series of six (6) institutional type advertisements de- 
signed to sketch a simple statement of fact about engineers and 
engineering. The specific objective of this campaign is to over- 
come the lack of real understanding on the part of editors and 
writers as to just what an engineer is and just what an engineer 
does. The ads are appearing from time to time in the trade jour- 
nals of the journalistic field. 

This series of advertisements like the first series on behalf of 
the engineering profession will appear in Editor and Publisher, 
the business magazine of the newspaper profession. In one of the 
ads, Engineers Joint Council welcomes inquiry by editors, news- 
paper and television writers concerning the obscure phrases that 
may occur in description of engineering jobs. After all, says the 
ad, every occupation has its jargon, and why should the public 
understand the meaning of “creep and fatigue,” an engineering 
phrase, any more than it would understand “killing widows,” a 
newspaper editor's phrase. 

If coverage is the main criterion of success, then judging by 
the following statistics success is assured. 

“Quarter-page ads were scheduled in Editor and Publisher, 
placed to advantage on pages surrounded with appropriate edi- 
torial copy (one story on the missile program, another on the 
reporter's role in government) on June 20, August 29, September 


* Extracted from the November, 1959 issue of Engineer. 
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ers, scientis chnicians, . George B. Kistiakowsky, 
special assistant to the President for Science and Technology Yad _ 


26, October 24, November 21 and December 21. These ads are 
seen and read by 20,000 publishers, editors, reporters, radio news- 
men and ad agency men, who control the news and much of the 
nation’s written current material on newspapers and magazines. 
For instance, the ads reached 1413 newspapermen on 43 metro- 
politan dailies in the 12 largest citie’; 1500 daily newspapers 
with circulations under 50,000; 786 executives of wire services and 
syndicates and 500 subscribing newsmen in Washington.” 

The Public Relations Committee of EJC feels that the cam- 
paign is accomplishing its purpose, namely to set straight editors, 
newswriters, and ad agency copy writers on their understanding 
of engineers and engineering to the benefit of the engineering 
profession. See if you can see the difference in your favorite 
newspaper and magazines. 

Prepared for Professional Relations Committee 
By Harry L. Davis 


* Extracted from “Report of EJC Public Relations Committee 
on The Public Service Advertising Program” by Arthur J. Fox, 
Jr. 


One of a series 


Just Who's 
Firing Those Missiles? . 


From the news stories you might think that 
Cape Canaveral is populated only by scientists 
and electronic brains. As a matter of fact, 
much of the design, construction and opera- 
tion of our missiles and satellites is the work 


Engineers dont want to take 


of engineers. 
credit from the scientists, upon whose original 
research the missile program is based, but 
they do feel that the public should recognize 
engineering as a major force in the missile 


program. 


Engineers Joint Council has been established 
by the engineering profession of the United 
States, to help you make the public properly 
aware of what the engineers are doing. For 
facts about engineers and the engineering pro- 


check with— 


fession. 


Engineers Joint Council 
29 West 39th St.. N. Y. 18, N. Y. 
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One of a series 


Creep? 


Every occupation has its jargon. You. for 
instance. could baffle the man on the street 
with talk of “killing widows.” 


You avoid jargon. You don't print your own 


and you translate that of other professions or 


trades to make the news understandable to vour 


reader. 


Engineering has its jargon—just as medicine 
or any other profession. Maybe you haven't 
realized it before, but strong metals do “creep”. 
And they do “fatigue.” 


Engineering's jargon is as readily translated 
as your own profession's. When you need help 


on an engineering story, consult 


Engineers Joint Council 
29 West 39th St., N. Y. 18, N. Y. 


For information, call Pennsylvania 6-9220 


One of a series 


The Big 


Who, what, when, where and why still belong 
somewhere in the news story. And who still 


leads the list. 


Your theater columnists don't review plays 
without naming the actors. Your book reviewer 
names the author. Your whole staff is aware that 
names still make news. 


Too often. engineering news events are re- 


ported as if they somehow. miraculously, got done, 


happened, evolved. 


A bridge is built. A mine is opened. A process 


is developed. A product is perfected. 
People. engineers. do all these things: they 


don't just happen. Engineers with names are 
the creative minds behind every engineered prod- 
uct and project you report. Use their names and 


make all those passive verbs active. 


Engineers Joint Council 
29 West 39th St., N. Y. 18, N. Y. 


For information, call Pennsylvania 6-9220 


AUTOMATION 


“Simple Mechanization Pays Of,” J. E. Harbuck and F. J. 
Ramondini, MODERN MATERIALS HANDLING, page 107, September, 1959. 

A basic approach to mechanizing job-lot assembly without 
spending a fortune is outlined in this article. The authors list the 
ten principles that guided their layout planning for gear motor 
assembly where production varied from steady production o few 
models to special job lot models. By providing a unique yet simple 
conveyor system that carries all types of assemblies to the common 
operations of painting, testing and packing, they have cut total 
cycle time 66 percent. (N. E. Sparks, Ethyl Corporation) 


“Data Center for Automatic Production Control,” MACHINE DE- 
sion, page 29, July 23, 1969. 

Paper-and-pencil methods of production control—even those 
built around manual data-display boards—may soon be outdated 
by new automatic equipment. One front-runner in the race to 
automatize production data keeping i« Productograph, an mstant- 
tally system that reports and correlates work output and downtime 
of every machine in the shop. 


“Better Decisions on Mechamzing,” Gerald E. Johnson, ractory, 
page 62, July 1969. 

When a mechanization project doesn’t pay off, what’s wrong? 
Chances are, somebody flubbed on dollars. Here are practical tips 
on practical cost figuring. (B. M. Bryant, Ethyl Corporation) 


COST CONTROL 

“Pinpointing Soft Spots in Costs,” Donald Hoodes, Factory, 
page 68, April, 1959. 

Do big-money figures mystify you? Then break them into little 
pieces. You'll find opportunities for pmpointing soft spots in costs. 


GENERAL 
“The Creative Engineer, Part 1—Personality Trait” Eugene 


Raudsepp, MACHINE DESIGN, page 22, May 28, 1969. 

Why do some engineers frequently have “brainstorms” while 
others seldom even have “good ideas”? 

To answer this question, the author has surveyed experts on 
creativity across the nation. Engineering and research managers, 
professors, philosophers, psychologists, social scientists, consultants 
—all working with creative people—have provided information. 
This three-part series identifies—for the first time anywhere— 


thirty major attributes of the creative engineer. 


“The Creative Engineer—Part 2—Intellectual Abilities,” Eu- 
gene Raudsepp, MACHINE DESIGN, page 28, June 11, 1959. 

The thirty attributes discussed in this three-part series of articles 
are of value to everyone concerned with the creative process. The 
engineer, through understanding the basic characteristics of creativ- 
ity, ean consciously develop those characteristics he does not al- 
ready sufficiently possess. The interviewer charged with hiring cre- 
ative personnel can use the thirty as a nucleus for intelligent 
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questions to evaluate the potential of each technical applicant. The 
manager will find them an aid in understanding creative people and 
an aid in fostering an atmosphere conducive to creative work. 


“The Creative Engineer—Part 3—Mechanics of Creativity,” 
Eugene Raudsepp, MACHINE DESIGN, page 27, June 25, 1959. 

Eight such techniques for creativity uncovered in a survey 
of experts are reported in this concluding article. 


“Patent Fundamentals,” D. W. Karger, MACHINE DESIGN, August 
20, 1959. 

Ideas are not inventions, Neither are patents. Ideas are the prel- 
ude to invention and are the tools of the inventor. They are not 
patentable. Patents are merely the legal documents that describe 
claim inventions. Here is a basic guide to what the company and 
engineer should know about handling ideas, inventions and 


patents. 


“Parke Davis’ Cure for Truck Breakdowns,” M. Berko, Movern 
MATERIALS HANDLING, page 122, September 1959. 

Dividing maintenance responsibilities for battery-powered in- 
dustrial trucks among various crafts presented a most difficult 
scheduling problem at Parke Davis, and it was repair rather than 
preventive work. By setting up a preventive maintenance shop 
with scheduled inspection based on installed engine hour meters, 
Parke Davis have solved craft scheduling problems, reduced equip- 
ment downtime and pinpointed specific equipment whose abnor- 
mally high maintenance cost should prohibit its continued use 
(N. E. Sparks, Ethyl Corporation) 


“Statistics Show Human Side of Maintenance,” CHEMICAL WEEK, 
page 125, August 29, 1959. 

A new look at the human factors of maintenance—the evalua- 
tion of attitudes and work habits from a currentlv-in-progress study 
by the Aero Medical Laboratory of Wright Air Development Cen- 
ter (Dayton). The study shows that worker skill isn’t quite the 
sole determining factor as long as supposed. (J. M. Barksdale. 
Ethyl Corporation) 


“The Organization Theory of Henry Gantt,” Arthur Svenson, 
ADVANCED MANAGEMENT, page 16, August 1959. 

Though management's role grows increasingly more complex, 
the basic tenets evolved four decades ago by one of the pioneers 


of scientific management still apply todav. 


“Characteristics and Organization of the Oral Technical Re- 
port,” GENERAL MOTORS ENGINEERING JOURNAL, page 74. April, 1959. 

The oral technical report is becoming more popular as a means 
of communicating information within industry on a variety of 
subjects. Its effectiveness depends to a large extent on the delivery 
qualities of the speaker. To be effective it must be presented on a 
level the audience is able to comprehend. Proper organization is 
vital for an oral technical report. A checklist has been devised by 
General Motors Institute that summarizes the important points to 
remember in preparing and presenting the oral report. (J. M. 
Barksdale, Ethyl Corporation) 


“Job Description for Executives,” John K. Hemplull, Hanvarp 
BUSINESS REVIEW, page 55, October 1959. 

Many companies are dissatisfied with the conventional methods 
of analyzing executive jobs. Here is a new approach that measures 
managerial responsibilities in terms of ten dimensions, for purposes 
of selection, assignment, and promotion. 


INVENTORY CONTROL 
“Automatic Control of Warehouse Flow,” R. W. Roop, Ma- 
TERIALS HANDLING ENGINEERING, page 64, October, 1959. 
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To operate a warehouse automatically requires step by step 
mechanization of each functional operation. According to Mr. 
Roop, automatic control is now economical for many aspects of 
warehouse operation. For others, the time is coming. He tells how 
automatic carton readers, diverters and palletizers can bring labor 
reductions on handling at the end of conveyor lines. Roop also 
discusses the application to distribution warehouse and to transfer 
warehouses. Sparks, Ethyl Corporation) 


“Fastest Warehousing You Ever Saw, Factory, page 68, July, 
1959. 

Within minutes this new automatic warehousing system at Re- 
liance Electric & Engineering Company gets an order on its way. 
It’s a brand-new approach to storage and order picking. Key to the 
system is the Retriever that rushes motors into or out of storage 
Benefits? Three big ones: 

50% more usable storage space 

Orders go much faster 

Just one man (and four units) can do the whole job. (B. M. 
Bryant, Ethyl Corporation) 


MATERIALS HANDLING 


“Automatic Container Filling,” by the Editors, MATERIALS HAN- 
DLING ENGINEERING, page 74, October, 1969 

How do you handle many products in a variety of containers on 
an assembly line? Magnolia Petroleum Company at its Beaumont, 
Texas refinery has built a Blending and Packaging Plant designed 
to avoid double handling and double payroll. On its convevorized 
assembly line, a high degree of automation is achieved in drum 
filling and handling. (N. FE. Sparks, Ethyl Corporation) 


“Planning a Handling System” by L. M. Polentz and Dr. R. R. 
O'Neil, MATERIALS HANDLING ENGINEERING, page 67, October, 1959. 

Difficult problems in the development of the atomic bomb were 
solved with the Monte Carlo method. Now the authors describe 
how this same technique can be used to predict accurately how 
long a new cycle of operations will take by using data from previous 
time studies. It is also used to tell how much waiting time there 
will be between operations. (N. EF. Sparks, Ethyl Corporation) 


“Selection and Use of Pneumatic Conveyors,” by H. S. Sayre. 
MATERIALS HANDLING ENGINEERING, page 66, September, 1959. 

The fifth in a series of articles furnishing technical information 
on all types of conveyors. It describes how pneumatic conveying 
can bring increased productivity, time saving, and lower labor costs 
for a variety of materials ranging in densities from 75 to 250 pounds 
per cu. ft. and in type from large metal parts to wood chips. (NV. F 
Sparks, Ethyl Corporation) 


“Plan Buildings for Handling.” by Editors, MATERIALS HANDLING 
ENGINEERING, page 71, September 1969. 

This article gives several examples of how designing building» 
for materials handling has resulted in convenience to customers, 
adequate handling for high-production, and elimination of manual 
labor. (N. FE. Sparks, Ethyl Corporation) 


“Gravity Flow: Biggest Problem of Bulk Material Users,” by 
Paul O. Berg, MODERN MATERIALS HANDLING, page 117, September, 
1959. 

In Part I of a three-part series, author Berg relates how bin un- 
loaders and flow aids can give continuous and uniform flow of bulk 
materials. Specific devices are described which eliminate hopper 
banging and material hang up for a wide range of animal, vegetable 
and mineral materials of every conceivable size, shape, consistency. 
liquid-content and form. (N. EF. Sparks, Ethyl Corporation) 


“Are Wooden Pallets on the Way Out?”, by Gordon C. Thomas, 
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Packing Editor, MODERN MATERIALS HANDLING, page 10}, Septem- 
ber, 1959 

W.H. Sardo, Jr., of the National Wooden Pallet Manufacturers 
Association answers this question in the negative in an interview 
with editor Thomas. He points out that the new low return rate 
granted by carriers on empty pallets, and the pallet pool (brought 
on by standardization of pallet size range) have recently shifted 
emphasis away from palletless handling, expendable pallets and 
new pallet materials and have reemphasized wooden pallets. (N. E. 


Sparks, Ethyl Corporation) 


“Handling with Howts,” by Editors, MATERIALS HANDLING ENGI- 
NEERING, page 74, September, 1969. 

Each type of hort must be regarded in relation to a specific job 
This article mentions pure hase price, cost of op rating the hoist, 
cost of man hours saved or lost by its use, and the cost of main- 
fenance as all being part of the real cost of a host Fight rules to 
follow in hoist selection are treated individually. (N. EB Spark ‘, 
Ethyl Corporation) 


“Using Statistics to Analyze Materials Handling Problems,’ 
W. J. Richardson, MECHANICAL ENGINEERING, page 54, May 196% 

Certain basic concepts of statistical analysis are extremely useful 
when applied to materials handling: how to collect and classify 
data, how to construct a frequency distribution, and to apply 
sampling techniques to everyday materials handling (‘B. M 
Bryant, Ethyl Corporation) 


OPERATIONS RESEARCH ‘| 


“Turning Minor Changes into Major Savings,” CHEMICAL WEEK, 
page 75, October 24, 1969 

This article reviews a technique that permits the plant operator 
to run process improvement “experiments without tampering with 
the product or production 

The technique is known as EVOP 
can be made a permanent part of operating procedure because it 
doesn't upset product quality and yield. And, it doesn't add to 


Evolutionary Operation. It 


plant costs or require the assistance of technical personnel from 
research or development departments. The technique has been 
applied successfully by several large chemical companies. (J. WV. 
Barkedale, Ethyl Carporation) 


QUALITY CONTROL 


“Quality Control Program Gages Production of Consumer 
Croods,” IRON AGE, page Auquat 4960 
High-speed produc tion of consumer gounls requires a practic il 


program of quality control 
This down-to-earth program in a powermower plant looks at 


the final product from the customer's viewpoint 


SYSTEMS AND PROCEDURES 


“There's No Mystery to Desgning Forms for Automatic Sys- 
lems,” Ray Marner, THe orrice, page 130, October 1969. 

This is an answer to the growing mvth that needs to be corrected 
before it is accept d as a truism, the canard that forms design for 


automatic data processing belongs m a class by itself 


“The Best Ways to Coordinate a Ne w Procedure,” Le she H 


Matthies, THE orrice, page 79, October 1969 
To coordinate 4 procedure betwee nh = veral cle partments, the 
svstems man mist work with great care and finesse Recoordina- 


tion is even a tougher task 


WORK MEASUREMENT 
“An Inexpensive Method of Work Sampling,” C. B. Gambrell, 
Jr. J. W. Barney, THE orrice, page 82, October 1969. 


1960 
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Describes a technique of automatic work sampling through the 
uxe of a camera with a constant speed drive an automatic timer 


to actuate the camera at random intervals. 


“The Truth About Wage and Work Measurement Today,” 
ractory, page 74, April 1969. 

This is the survey you've been waiting for. It will tell you how 
management men in 785 plants see these controversial toole— 
how they use them—what the gains (and pitfalls) are—what's 


needed to make them work better 


“Making Incentives Work,” Frances Torbet, HARVARD BUSINESS 
neview, page 81, October 1969 

Once heralded as a panacea for all labor-management problems, 
the effectiveness of individual piecework is threatened by techno- 
logical change. But group incentive plans can still help employers 
achieve better worker participation and productivity 


: SENIOR 
INDUSTRIAL 
ENGINEERS 


UNITED STATES BORAX & CHEMICAL COR- 
PORATION invites highly qualified engineers with 
a minimum of five years’ experience to become asso- 
ciated with a newly organized function. 


Qualifications should include experience in supervision 
of work measurement and work simplification pro- 


grams, preferably in process or mining industries. 


Permanent positions are available at plant locations 
in California and New Mexico. General resume of 
education and experience in first letter. All replies will 
be held in strict confidence. Send resume to: George L. 
Anton, Director of Industrial Engineering. 


U. S. BORAX & CHEMICAL CORP. 
630 Shatto Place, Los Angeles 5, Calif. 


BANNERS FOR SENIOR AND 
STUDENT CHAPTERS 
Cost $75.00 


4x 8 ft., blue and gold felt, with a blue, gold and 
white embroidered ALLE insignia in the center 


Available from: AIILE Headquarters 
145 North High Street 
Columbus 15, Ohio 


(Allow about six weeks for manufacture 
and delivery 
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WHAT IT IS 


The I.E. Opportunities service is a functional committee ac- 
tivity of the AIIE. Information concerning employment oppor- 
tunities is collected on a nationwide basis and is provided without 
charge to members upon request. The committee is composed of 
members from the Columbus, Ohio chapter. 


SERVICES PROVIDED 


Current job openings are published in condensed form in each 
issue. 

In addition, a monthly I. E. Opportunities Bulletin is supplied 
to over one hundred chapters located throughout the United 
States. 

Each job opening is assigned a “P” number for identification. 
The name and address of the person to contact for additional 
information concerning a specific job opening is sent to members 
on request. 


EMPLOYERS 


Employers having openings for qualified Industria] Engineers 
are invited to list them. Government agencies and educational! in- 


stitutions as well as business and industry are urged to take ad- 
vantage of this free service. 

Industrial Engineers are often employed in such fields as Work 
Measurement, Production Control, Plant Engineering, Opera- 
tions Research, Industrial Relations, Sales, and Management. 
For a more complete coverage, see the following list of job classi- 
fications. Please do not hesitate to forward information on jobs 
in any area where it is recognized that an Industria] Engineering 
background will be of value. 

To list your job openings with the Opportunities Service, send 
all or part of the following information with the name of your 
contact man to the address below: Type of industry, location, 
job classifications, minimum educational and experience qualifica- 
tions, and salary range. 

This information will be publicized to the members in con- 
densed form in the JournnaL and in monthly chapter Bulletins. 
Company names are not shown. 


MEMBERS SEEKING JOB OPPORTUNITIES 


The following list shows job openings available just prior to 
press time. If you would like more information about one or more 
of the positions listed, mail the “P” numbers with your name and 
address to the Opportunities Service at the address below. The 
Service will advise you by return mail of the name and address 
of the person to contact for further information, or advise you if 
the position is no longer available. Your name will not be for- 
warded to the company with the job opening. 

For more current listings, contact your local Chapter Secre- 
tary or Opportunities Chairman for the latest monthly Bulletin. 


ADDRESS OF THE SERVICE 


I. E. Oprorruntries Service 

American Institute of Industrial Engineers 
145 North High Street 

Columbus 15, Ohio 


INDUSTRIAL ENGINEERING OPPORTUNITIES 


Position | Job classification number 
number Industry, location Travel? (See ke $1,000 iY ears of | Age Remaste 
exp. | range 

Consulting x | 10, 21, 31 5-7 
213 | Air Force Calif. 15, 32, 42, 43, 44, 53 7.5- 21- Modification 
273 Air Force Utah | | 11, 13, 18, 42, 43, 44, 53 6.3- 7.5 2- | I. ve 
279 Air Line Ill., Colo., Calif | | 11, 13, 18, 41-43 50-52, 70 5.0- 8.5 1-6 ; 
308 Automotive > _ 19, 31, 36, 38, 45, 53, 71 | 6.6 9.6 +6 | 
339 Automotive Pa. | _ 10, 22, 23, 32, 33, 36 38, 42, 45, 71 6.6- 9.6 446 ) 
on — Pa. | li, 13, 22 23, 32 5.4- 7.8 0-2 | os. 

6 ucation Mass. 
419 Food Processing Il. | 14, 15, 16, 22, 36, 38, 91 7.2- 9.0 58 30 38 LE. or M.E. Degree 
423 Air Force Ohio Broad 8.8 I.E. Degree 
424 Air Force Ohio Broad 4.5- 7.5 > I.E. Degree 
447 Synthetic Fibers 10, 30, 91 on L.E. Degree 
444 ectronics ass. , - 
461 Paper Ohio Ltd. 10, 20 9.0-13.0 3-5 -~45 Tech. Deg. Req 
464 | Consulting N.J. | | 10! 20, 32-34, 42, 43, 54,71-73,92 | 8.0-12.0 5 30-36 | LE. Degree 
465 Consulting Mass. x 10, 20, 30, 40, 60, 71, 92 11.0-15.0 10- | 35-05 | I.E. Degree or Equiv. 
470 Mining & Smelt . N.M. | 11, 13, 26, 36, 42, 5.0-7.0 —45 LE. 7 Preferred 
471 | Plastic Prod. Va. 10.0-12.0 30-45 | MTM Experience 
472 Plastic Prod. Va. Bt | 8.0 8.5 1-2 -30 iy Experience (Wood work- 

ing 
473 | Electronics lows | 19, 30, 40, 7.2 0-10 | B.S. or M.8. Degree 
474 | Food Processing Il. | 14, 15, 16, 22, 36, 38, 91 5.89.0 | O8 | 25-35 | LE. or M.E. Degree 
475 | Printing N.Y. | 11, 42. 44, 46 2-5 | 24-30 | College Grad. 
476 M eta) working Ohio 13, 15, 36, 37 7.0- 2-5 | 25-30 
477 | Metalworking Ohio | 53 | 2-5 | 25-30 
479 Brass Products Conn. 10, 20, 36 is | Math. Experience 
483 Chemica! Tenn. 10, 30, 53 5.5- 1-5 22-30 I.E. Degree Preferred 
486 Printing & Publishing Calif. ) 18, 32, 36,  10.0-15.0 30-40 | MBA Desirable 
487 Electronics Tex. 11, 16, 30, 32, 36 6.0-8.5 1-5 24-35 | 1L.E. Degree 
459 Refining Tex. | 10 .0-12.0 10-15 | Exp. in Crude Oil Act. 
491 _ Airline lil., Colo., Calif. § 15% 11, 13, 18, 51, 70 5.0- 8.0 1-5 | I. L. Degree A 
493 | Plumbing Supplies Ohio ) 13, 18 7.5- 9.0 7- 30-35 | LE. Degree 
494 | Electronics Utah , 10-18, 34, 36, 40-46, 91 7.5- 9.0 5-10 | LE. ee 
495 Education Fia. t. Professor Open M.8. or D. Pref 
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Industry, location 


| | 
| Travel? Job number 


key) 


Air Force 

Air Force 

Air Force 

Electronic Equip. 

Electronics 

Synthetic Fibers 

ilroa 

Railroad 

Pharmaceutical 

Pulp & Paper 

Air Force 

Air Force 

Air Force 

Air Force 

Air Force 

Automotive Parts 

Automotive Parte 

Ind. Fastening» 

Utilities 

Utilities 

Paper Prod. 

Consulting 

Farm Cooperative 

Paper Pr 

Consulting 

Metal! Fasteners 

Printing- Litho. 

Papermaking 

U. 8. Army 

Mig. 

Electronics 

Air Force (Maint.) 

Consulting 

| Consulting 

Consulting 

Home Appliances 

Smelt. & Titanium 

Sugar Refinin 

Auto. Elect. Electro- 

Mechanical Equipment 

Office Machy. 

Office Mach 

Corrugated 

Food Processing 

| Machine Tool Mig. 
Machine Tool Mfg. 

| Navy 

| Education 

Needles 

Education 

Structural Clay Prod. 

| Education 


Midwest 


— Md.., 


, 31, 36, 42, 
, 51-53 


| 36, 38 
| Project Engineer 
Tool Designer 


17, 18, 52, 


, 13, 15, 42-44, 
, 13, 15, 42-44, 70, 71 
, 13, 15, 42-44, 70, 71 


70, 71 


Crenera! 
11, 12, 18, 19, 21, 24,.32,35, 36, 43, 52 
17, 18 


, 36, 38, 43, 45, 71 
7, 
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B.S.—LE., L.M., or M.E. 
.E. Degree 


E.E.. M.E., or LE. Degree 
Exp. in System Analysis 
in Quality Control 

E. E orl Degree 
B.S.M.E. or LE. Equiv. 
Legere not Necessary 


M.5 

College Graduate 
M.8./Ph.D. or P.E. 
B.S.1L.E. 


| Lumbering Mfg.-Cut Parts La 
Motcr Fresght 
Transportation *(See Below 
Transportation *(See Below) 
Transportation *(See Below) 

| Mgmt. Consultant 
Consulting 

Aircraft Parte 

ialty Papers 

os pa tal (Teaching) 

Packing 

Education 


Degree in L.E. Pref. 
LE. Degree 


Seow 


Pt? 


U.S.A. & Europe , 22, 91 or 92 
Oho ) 
(Mach.) 
Calif. 
Minn 


Engineering Degree 
M.E.., or 


, %, 
, 43, 67, 92 


— 


| Pharmaceutical : 
Solid Propellants Tex. 12, 19, 32, 34, 41-43, 53 
| Paper _ 13, 21, 42 (91 or 92 Exp. ) 


cep. 
in 1.E. of 1.M. 
Jegree 


¢ 

pt 


Paper 

Plastic Molding Maas. . 13-16, 18, 22, 42 
Chemica! 18, 38, 52 
Garment Mfg. 
Glass (Containers 
Naval Avionics 

| Printing 

Semiconductors 
Semiconductors 

| Semiconductors 
Paper Converting 
Metal Working 

| Chemical Mfg. 

Plastics 


, 16, 21, 31, 3% 


42, 43 
18, 19, 26, 36 


> 


ee 
™ 


, 38, 40-49, 53 
3, 20, 39, 42 
2, 34, 43 
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Detroit, Mich... Syracuse, N. Y., 


* The above 3 P#¢ have openings in New York City, 


Indianapolis, Ind., and 


Key to Job Classifications 
Job Classification 
Production Engineering 
Production Control 
Process Planning and Routing 
Work Measurement and Perf. Scheduling and Loading 
Stds. Flow Process Charting 
Stop Watch Time Stud Inventory Control 
Std. Time Data Dev. & Applic. Coat Anal. & Reduction 
Predeter. Elemental ime Statistical Quality Control 
Stda. Budgetary Control, Standard 
Work Sampling 
Estimating and Costing Tool and Gage Design and Con- 
Wage Payment 
Incentive Plans 
For Production Workers 
For Non-Prod. Workers 
For Supervisory Personne! 
Job Evaluation 
Wage Administration 


Job Classification 
Safety Engineering 
Suggestion Systems 
Systems and Procedures 


Admin. & Operating Procedures 
Organiaation Charts and Maa- 


a Admin. & Form Control 
Demgn 


Job Classification No. 


t 


Job Classification 
Motion and Time Study 
Methods Improven ent 
Suggestion Systems 


Replacemen 
Automation 
Plant Maintenance 


“M 
Mathematica! Analysis 
. Eeonomy Studies 


Auto. Data 


Plant 
Plant Location Expansion 
Plant Layout 
Materia! Handling 
Machinery & Equipment 
Specif., Select. & Eval. 
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Qualifications required 
number $1 000 Years of | Age 
| exp range 
406 Calif 10, 11 
407 (ali iil 
Calif io il 
409 10. 36 
30 7 5 
506 Pa ll, ia 24 
11-38 6 2-5 24-35 Pref 
Sil Mict O-5 
514 25 
516 Ohio 25 32, 37 
517 Ohio 25 10, 13, 16 ' | 
518 Ohio 25 Broad 
519 Mouct 10 3-5 
422 11, 14, 15, 1 1-3 
524 10. 13. 17, 37 2-3 
526 Pa 11 35. 50-55 3-5 Degree 
427 Ind.. Ill... Minn 15. 22. 31. 41. 33, 10 Degree Pref 
428 N.} Broad 5-7 Deg. Plus B.A. Train 
530 Mo P 15 21 36. 38. 42. 53. 4, 70 2-5 24-35 Degree 
531 Ohio 40. 70. 80. 5-15 Degree 
532 Pa 11. 15. 19, 26 5-10 | 
533 NJ 35 4 Prod. ‘Inv. Control Exp 
534 N.Y ; 11. 42. 43, 44, 45, 46, 47 5- FE. or M.E. Degree 
537 Wis. | 10. 20. 30. 70 3.10 | 
538 Pa SO. 51. 52, 53, 55 3-5 
439 7 4- B.S. Degree 
541 
543 Pa 11. 13, 18, 44, 53, 91 ‘ 
544 Adv. Degree Pre 
545 Pa Broad 5 
546 Broad 5 | 
547 Ol 11, 13, 16, 21, 36 +6 | LE. Degree—Mtm. Exp. 
552 5-10 
5453 La ll, 36, 38, 43 O-5 Degree 
554 
30-37 30-40 
555 11. 30-37 ; 30-40 
556 Mic! 3-5 
557 Tex 10, 21-23, 26, 42, 60" 2-3 23-34 
54558 Niinn 2- 
Wis Open 
Aris 452 Open Open 
565 \I 0) 
564 mw 40. 40-50 
Des 11 325-37. 41-43, 49, 53, 71, 92 8-12 
M 10, 30, 40, 
7 10. 30. 32. 33. 40, 48, O4 25 40 
564) 10. 30, 42, 43, 47 7 
570 42, 43, 47 4 4 20 Degree 
571 None 20 Degree 
572 Open 5 40 MITM Experience 
473 Open 25 P.E. or E.L.T 
574 9.0-12.0 8-12 32-45 
575 7 6 58 
576 7.2- 7.8 
575 Open 
pplhed Math 
579 or Equiv 
7 in o¢ M.E. Pref 
58 | 12 E. Pref., B.S.LE 
589 
54 
legree 
SBA 
S&S Degree 
£20 
501 
592 Degree 
505 Degree 
595 
No. 
10 
11 
1? 
13 Facil. Plan 
tions Research 
14 tem & Simulation with 
15 
16 
1s roc. with Com- Management and Supervision 
19 >u ters Industrial Engineering Supr. 
20 bet Research & Forecasting Chief L. E. or Equiv. 
21 trial Relations Plant Engineer 
22 nei Administration Production Supervisor 
23 ersonne!l Testing Mgr., Works 
24 *ersonne! Training 
26 ustrial Psychology 
28 r Relations 
37 


AIIE Membership Roster: 


November 1, 1959 


Aaron. Harold. 4430 Parkside Drive, Baltimore 6, Marvland 42A-2 

Abatemarco, Michael R., 1838 Eighty-fourth Street, Brooklyn, 
New York 5A-2 

Abbe. Walter, III, Route #7, Twin Oaks Drive, Winston-Salem, 
North Carolina 2]A-2 

Abbott, Benjamin E., Jr. 1153 North Webster Drive, Pensacola, 
Florida 33A-! 

Abbott. Harrison T. OMETP Rock Island Arsenal, Rock Island, 


Illinois 46M-/ 
Abbruzzese, Antonio, 17 Old Niskavuna Road, Loudonville, New 
York 


Abdi, William, Quebec Arms Apartmert 101, 8222 Fourteenth 
Avenue, Hyattsville, Marvland //A-- 

Abdullah, Ibeahim, 599 West End Avenue, New York 24, New 
York 5A-2 

Abel, Carl H.. 3525 South Sandusky, Tulsa 5, Oklahoma 

Abel, Robert W., 2125 Claussen Street, Davenport, lowa 46A-2 

Abel, Roy, Jr. 2519 West Macon Street, Decatur, Illinois 8&0M-4 

Abelman. Alan N.. 3 Forest Road, Green Acres, Vallev Stream, 


I5A-1 


New York S5A-? 

Abendschein, Irving D., 7820 Comolette Street, Downey, Calli- 
fornia 23M-4 

Aberg. Robert L.. 5908 Lenox Road, Bethesda Chevy Chase 14, 
Marvland /4A-2 


Abernathy, John W., Box 871, Tulsa, Oklahoma /5M-? 
Abrahamson, Warren D., 224 Fairmont Street, Vallejo, California 


12M -4 

Abramowitz, Stanley, 15 Featherbed Lane, New York 52, New 
York 5A-2 

Abrams, Abraham Harold, 1705 Caton Avenue, Brooklvwn 26, New 
York 5M-4 


Abrams, Sam H., 331 South Jackson Street, P.O. Box 137, Brook- 
haven, Mississippi (A-/ 
Achin, Gerard R., 85 Arnold Road, North Attleboro, Massachu- 


setts 30A-2 

Acker, David B.. 6594 Avenida De-La Manana, La Jolla, Cali- 
fornia 29M-3 

Acker, David B., 9838 Ahmann Avenue, Whittier. California 
23M-4 


Acker, Gale L.. 3698 Higland Road, Lafavette. California J12A-? 
Ackerman, Milton, 1 Center Drive, Syosset, Long Island, New 


York &6A-2 
Ackerson, Colin, 8015-39 N_E., Seattle 15, Washington 20A-2 
Acree, Marberry B., 457 Terra Lane, Amherst, Ohio 7A-4 


Adamo, Edmund B., Fairview Avenue, P.O. Box 168, Milford, 
New Jersey 77M-4 

Adams, Adam J., Inland Steel Company, 3210 Watling Street, 
East Chicago, Indiana 53M-? 

Adams, Bluford L., 2391 Webb Avenue, Bronx, New York SA-4 


Adams, Foster E. 1211 Fourteenth Street, Bettendorf, lowa 
46M-+4 

Adams, Harry Emerson, 4467 Mount Everst Boulevard, San 
Diego 17, California 29M-3 


Adams, Horace Milton, P.O. Box 452, Mavodan, North Carolina 
21M-4 

Adams, Hugh S., Eastman Kodak, Industrial Engineering Divi- 
sion, Kodak Park B-56, Rochester 4, New York 44M-4 

Adams, James E., International Nickel Company Incorporated, 
Guyan River Road, Huntington 17, West Virginia 58A-2 


*The remainder of the roster will be published in the March- 
April issue. If errors in spelling of names and addresses are found. 
notify Headquarters in Columbus, Ohio, in order that records mav 
be corrected. : 
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Adamson, David A. 44 Lakecrest 


Adams, James W., 227 Twenty-fifth Street, Santa Monica, Cali- 
fornia 23A-] 

Adams, Jerry D., P.O. Box 241, Helotes, Texas 39A-2 

Adams, Jim D., 1238 Derby Drive, Richardson, Texas J0A-! 

Adams, Robert Bruce, 194 (Rear) Lincoln Street, Hingham, Massa- 
chusetts 30A-2 

Adams, R. Clark, R F.D. #1, Buford, Georgia 6A-2 

Adams, Robert M., University of Houston, College of Engineer- 
ing. Houston 4, Texas 22-4 

Adams, Robert S., 210 Janice Drive, Athens, Georgia OA-/] 

Adame, Thomas F., 9560 Northlawn, Detroit 4, Michigan 

Adams, Thomas O., 220 Taft Street, Gary, Indiana 53M-3 

Adams, ‘Villiam G., 1429 Linville Street, Kingsport, Tennessce 
17 A-1 


17 A-2 


Avenue, Rochester 12, New 


York 44A-2 

Addley, Joseph G., Continental Can Company, 745 York Street, 
London, Ontario, Canada &74A-! 

Addome, Jeremy, c/o Ross Tabor, Booz, Allen & Hamilton Inter- 
national, Limited, 1625 Eve Street, N.W. Washington ©. 
District of Columbia 31M-# 

Adelaar, Robert A. 4901 Trent Drive, San Jose 24, California 
37 A-I 

Adey, Earl W., Marion Power Shovel Company, Marion, Ohio 

Adkins, Edsel C., 2155 Hemlock, Imperial Beach, California 29A-/ 

Adler, Alfred, 12 Everly Street, Madison Township, Old Bridge. 


New Jersey 61A-2 
Adler, George J., 3825 East 123 Street, Cleveland 5, Ohio 7A-2 
Agnone, Danie! C., Box 68, New Bedford, Pennsylvania 2/A-/ 


Agrippino, Placido, 600 East Jeefferson Avenue, Pomona, California 


23A-1 
Aguzin, August J, 10655 Gerald Drive, Baton Reuge, Louisiana 


41M-3 

Ahlborn, William C., 1673 Yolanda Place, Youngstown 11, Ohio 
24A-3 

Ahlquist, Philip W., 1734 West Fourteenth Street, Erie, Pennsvl- 
vania 5/A-2 


Aho, Esther M. 204 Buchanan Avenue, Cocoa Beach, Florida 

Aiken, Ben D., 4115 Park Avenue, Miami 33, Florida 

Aikman, Loy M., Herscher, Illinois (0A-/ 

Ainslie, Donald F., 42 Mitre Place, Toronto 15, Ontario, Canada 
87 A-1 

Aitchison, William H., 8 Rowse Crescent, Toronto 15, Canada 
87 AF -3 

Akers, Rogers M., 19541 Puente Street, Covina, California 

Akins, Paul S.. Park Avenue, Statesboro, Georgia 

Akridge, Meivin E.. American Sugar Refining Company, 7417 
North Peters Street, Arabi, Loumana 74A-2 

Alberga, Glenn H., 16818 Holbrook, Shaker Heights 20. Ohio 
7M-4 

Albergine, Geno P., 165 Garden Parkway, Henrietta, New York 
14A-2 

Albert, George A., 3350 Daleford Road, Shaker Heights 29, Ohio 
A-2 

Albert, George L., 18465 Center Street, Castro Valley, California 
12A-4 

Albert, Harry 8S. Headquarters Air Material Command, Box 


40A-1 


#1454, Wright-Patterson Air Force Base, Ohio 2A-2 
Albert, Raymond J, 142 Elm Drive, Rochester 9, New York 
44A-2 
Albert, Richard, 1505 Edgewood Avenue, Trenton 8, New Jersey 


31A-4 
Alberts, Walter M., 101 Lloyd Avenue, Apartment #10, Pitts- 


Volume Xi - No. } 


burgh 18, Pennsylvania 3M-3 

Alberts, Warren E., United Air Lines, 5959 Cicero Avenue, Chi- 
eago 38, Illinois 25M-4 

Albertson, James J., 7423 Dunstan Street, Springfield, Virginia 
14A-2 

Albertson, Philip E., «c/o Charles Machine Works, Perry, Okla- 
homa OA-/ 

Alberty, Brvee E, 

Albrecht, Robert F., 3108 Thirty-fifth Street, Rock Island, Illinois 
16A-2 

Albright, C. Barton, Albright & Hight, Industrial Mechanical 
Engineers, 550 West Indian School Road, Phoenix, Arizona 
7OM-4 

Albright, Richard M., 1007 Broad Avenue, N.W., Canton 8, Ohio 

Albritton, Bobby G.. United States Air Force Institute of Tech- 
nology, Wright-Patterson Air Force Base, Ohio 2A-4 

Alderson, Ronald H., William Neilson, Limited, 277 Gladstone 
Avenue. Toronto, Ontario, Canada &47A-!/ 

Aldridge, Donald Eugene, 2109 State Street, Alton, Illinois 16AF-4 

Aldridge, Edgar D. 853 Watson Avenue, Winston-Salem, North 
Carolina 2/M-4 

Alenik, Leon, 1216 Windmill Court. Arlington, Texas J0A-1 

Alexander, Harry B., 1425 Twentieth Street, N.W., Canton 9, 
Ohio J9A-3 

Alexander, Jack K., 400 South Street, Reading, Massachusetts 
62A-2 

Alexander, Michael, 1 Faulkner Drive, Westfield, New Jersey 
61M-# 

Alexander, Richard L., 
78A-2 

Alexander, Walter J. D., 228 West Fighth Avenue, Huntington 1, 
West Virginia 5&M-# 

Alexander, Walter M. Fiber Glass Division. Pittsburgh Plate 
Glass Company, Shelby, North Carolina OM-3 

Alkofer, Lawrence H., 125 East 112 Street, Seattle 55, Washington 
20 A-2 

Alleott, Charles R.. Prudential Federal Savings and Loan Associa- 
tion, P.O. Box 540, Salt Lake City 10, Utah S50A-2 

Allderige, John M.. Department of Industrial and Engineering 
Administration, Cornell University, Ithaca, New York 44M-4 

Allegri. Theodore HH, 4401 Riverdale Road, Riverdale, Marviand 
1iM-i 

Allen, Andrew W., Campbell Soup Company, General Office, 
Camden 1, New Jersey 31A-2 

Allen, C. G.. Box 174, 3377th Sehron, Amarillo Air Force Base, 
Texas S59A-/ 

Allen. Clarence J.. 2505 North Ninetieth Street, Wauwatosa 13, 
Wiseonsin 45A-2 

Allen, Donald B.. 402 South East First Avenue, Gainesville, 
Florida 27A-2 

Allen, Flovd B.. 419 Balsam Street, Elmira, New York 4&8&M-3 

Allen, George C., Jr.. 206 East Seventeenth Street, Lumberton, 
North Carolina 

Allen, Herbert J.. 5920 Southwest Forty-sixth Avenue, Portland 
19, (Oregon fi A-] 

Allen, H. Robert, St. Regis Paper Company, Cantonment, Florida 
33A-1 

Allen, J. Charles, 2098 Gordon Road, S. W., Atlanta 11, Ceorgia 
6A-2 

Allen, Jav E., 445 South 5600 East, Orem, Utah S0AF-4 

Allen. Jerry E., Box 32, 2710 Installations Squadron, APO 323, 
San Franeiseo, California OA-/ 

Allen. John Charles, United States Army CMLC School, COBC 
Class 1, Fort McClellan, Alabama (A-/ 

Allen, John H., 8 Lakeview Drive, The Groves, Mount Pleasant, 
South Carolina 

Allen, Richard Arthur, 549 Alicia Way, Los Altos, California 
37 

Allen, R. E., 109 Irving Road, Rochester 18, New York 44M-#4 

Allen, Rov L., 1113 New Road, Waco, Texas OM-3 

Allen, William D., 949 N.E. Holman, Portland, Oregon 67A-/ 

Allen, Wyeth, Chairman, Industrial Engineering Department, Uni- 
versity of Michigan, Ann Arbor. Michigan OM-3 


2325 Titus Avenue. Rochester 22, New York 


7083 Olive Street, Highland, California 
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Allingham, David G., Industrial Engineering Office, Cerro de Pasco 
Corporation, La Oroya, Peru, South America O0AF-3 

Allison, Arthur V., 1645 Rollins Road, Burlingame, California 
37 M-4 

Allison, David W., 580 Winding Way, Meadowbrook Manor, 
Exton, Pennsylvania 71A-2 

Allixon, Lester L., Jr., 7408 Charlotte St., Springfield, Virginia 
14A-4 

Allman, William E., 1737 Shenandoah Road, Florence, Alabama 

Allred, Robert A., 321 LaSalle Drive, Apartment 4, Richardson, 
Texas JOA-! 

Almaguer, Rudolph, 119 Norman Road, Newark 6, New Jersey 
61A-2 

Almaleh, David M., 1362 Grand Concourse, New York 56, New 
York 5A-? 

Al-Maravati, Hassan A, 1350 Boilvin, Rockford, Illinois @A-! 

Almer. Marion J, 205 Lakewood Road, Warrington, Florida 
33 APF -3 

Alpiser, Roland H., Joy Manufacturing Company, 1201 Macklind 
Avenue, St. Louis 10, Missouri 16A-2 

Alt, Louis M., 2120 Freiburger Lane, Lafayette, Indiana 35M-4 

Altenhaus, J. L.. 49 Claremont Drive, Maplewood, New Jersey 
61M-4 

Alter, E. DeVon, Burlington, Indiana 35AF-4 

Alter, Robert D., 6736 Paxton, Chicago 49, Illinois 25A-/ 

Altevogt, Robert E., 5202 Lilhe, Fort Wayne, Indiana 34A-] 

Altman, Fred D, 5555 North California, Chicago 25, Illinois 
25A-1 

Altman, James L., 903 South Dakota Avenue, Tampa, Florida 
91A-2 

Altpeter, Ted R., Industrial Engineering Supervisor, Canadian 
Johns Manville Company, Limited, P.O. Box 610, North Bay, 
Ontario, Canada &7A-! 

Alutin, Richard A., 180 W. Duarte Road, Arcadia, California 
23A-l 

Alvarez, Pedro F , Jr, Apartado #1044, Caracas, Venezuela, South 
America OA-l 

Alvarez, Raul E., 2713 Clark Avenue, Raleigh, North Carolina 
66M -3 

Amerman, Eugene C., Jr.. Industrial Engineer, The Colorado Fuel 
and Iron Corporation, P.O. Box 316, Pueblo, Colorado 32AF-3 

Amerv, Fred W., 1621 Lexington, Pueblo, Colorado #32M-3 

Ames, Donald B, Main Street, Lincoln Park, New Jersey 61A-2 

Ames, John F., 116 Market Street, Lewisburg. Pennsvivania 80M-3 
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‘over, Millard W., 115 Rees Street, Plava del Rev, California 
23A-1 
‘overdale, Hal M., 9032 Trask Avenue, Playa Del Red California 
23M-4 
‘overt, Maurice D., 1113 Cadle Avenue, Mentor, Ohio 7M-4 
‘ovich, William R., 1530 North Hanley Road, University City 14, 
Missouri /6A-2 
Cowan, Arnold A., 2755 Colby Avenue, Los Angeles 64, California 
23M -4 
Coward, Bill M., Box 352, R.R. #1, Pine Ridge Road, Winston- 
Salem, North Carolina 2/A-2 
Coward, James B., 38 Park Avenue, Brevard, North Carolina 
&3 M4 
Coward, Stuart D., Old Ceramic Building, North Carolina State 
College, Raleigh, North Carolina 66A-/ 
Cowie, Robert A., Sperry Gyroscope Company, 135 Wickham 
Road, Garden City, New York 5A-2 
Cowles, Charles H., 2009 Jermain Drive, Toledo 6, Ohio 36A-2 
Cowles, Harold A., Jr., lowa State University, Industrial Engineer- 
ing Department, Ames, lowa 0M-3 
Cox, Elmer A., 111 Oriole Lane, San Antonio 1. Texas 39A-2 
Cox, George D., RR. #1, Box 216, Chesterton, Indiana 53M-3 
Cox, Harrv A., 149 Michael, Santa Clara, California 37A-4 
Cox, John I, Jr., 2105 East Sevier Avenue, Kingsport, Tennessee 
17 A-3 
Cox, Thomas E., 
61AF-4 
Coxey, John Thomas, 3676 Curtis, Mogadore, Ohio 52M-4 
Craft, Carl B., 1215 York, Sheffield, Alabama 69A-4 
Craft, Clifford J., 34 South Franklin Avenue, Valley Stream, New 
York 5A-2 
a Don R, RR. #2, Box 50, Harrisburg, Pennsylvania 
95A-2 
Craig, Robert B., Porcelain Metals Corporation, 1400 South Thir- 
teenth Street, Louisville 10, Kentucky J&M-3 
Craig, William H., 202 Bayless Avenue, Florence, Alabama 9A-2 
Cramer, Albert W., 1401 Lynnhurst Drive, New Castle, Indiana 
OM-3 
Crandall, Max, 16714 Woodingham, Detroit 21, Michigan 47A-2 
Crandall, Richard E., Sylvania Electric Products, 100 Sylvan 
Road, Woburn, Massachusetts 30A-2 
‘randell, Edward O., 111 Ashley Drive, Palatka, Florida 27A-2 
‘randell, Jimmie W., 166 Ash Street, Park Forest, Illinois 25A-/ 
‘rane, Fred C., 8539 San Pedro Parkway, Dallas 18, Texas JOM-3 
‘rane, Roger R., Touche, Niven, Bailey and Smart, 1292 National 
Bank Building, Detroit 26, Michigan 47M-# 
‘ranmer, Clyde E., 321 Hazel Drive, Mount Lebanon, Pittsburgh 
28, Pennsvivania 3-3 
‘ravens, Bill, East Maple Street, Paris, Arkansas &/A-/ 
‘ravey, David O., 7722 Rockhill Street, Houston 17, Texas 22A-] 
crawford, H. F.. 664 Rozelle, Memphis 4, Tennessee 28M-4 
Crawford, Kyle K., 621 North B Street, Arkansas Citv, Kansas 
56A-2 
Crawford, Lewis A, 111 Encinal Drive, Red Bluff, California 
0A-1 
Crawford, Lyle D., 407 Alstair Street, Pasadena, Texas 22A-3 
a Peter W., 44 Calle Fl Haleon, Camarillo, California 
Crawford, R. H. c/o Mack Trucks, Incorporated, 1000 South 
Second Street, Plainfield, New Jersey 61M-4 
Crawley, Wayne O., 434 Marietta, Chula Vista, California 78M-4 
Cr€el, Joseph Sam, 1027 South Forty-second Street, Birmingham 


~ 


74 Winding Way, West Orange, New Jersey 


~ 
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5, Alabama 9M-4 

Creslein, William E., III, 836 Buttonwood Road, North Palm 
Beach, Florida (0A-3 

Cress, Richard H., 314 North Fourth Avenue, Arcadia, California 
78A-2 

Creveling, John H., Jr., 1200 Settle Avenue, San Jose 25, California 
37 

Crider, John M., 1804 Hartman, Louisville 5, Kentucky JI8AF-3 

Crimmins, John P., 1103 Manchester Drive, South Bend 15, In- 
diana 0M-3 

Cripe, Grayston M., General Electric Company, Building 26-2, 
1635 Broadway, Fort Wayne, Indiana 34M-3 

Criss, Hubert O., 1008 Ray Avenue, Maryville, Tennessee //A-2 

Crock, Frank P., 3030 South Colorado Boulevard, Denver 22, 
Colorado 32M-3 

Crocker, Angus M., 1052 Greenwood Drive, Menlo Park, Cali- 
fornia 37M-4 

Croft, Frank W., Seaboard, North Carolina 66A-/ 

Croft, Luther G., Port Tobacco, Maryland 14A-2 

Cronin, R. B., 912 Thirty-fourth Street, Moline, Illinois 46A-2 

Crooke, James S., USOM, APO 271, American Embaasy, New York, 
New York 5A-2 

Crooks, Earl P., 7210 Glades, St. Louis 17, Missouri 16A-2 

Crosby, Willis James, 734 Live Oak Avenue, Apartment 8, Menlo 

Park, California 37A-I 

Cross, Robert, 12 North Fairview Avenue, Allentown, Pennsylvania 
77 A-2 

Cross, Ronald L., 2504 West Locust, Davenport, lowa 46A-2 

Crosskill, Jack F., 39 School Street, Lisbon Falls, Maine (0A-! 

Crossley, John F., 10559 Brotman Avenue, Arlington, California 
78A-2 

Crosswhite, Charles L., 930 Fairview Drive, Bethany, Oklahoma 
57AF+4 

Crouch, Ralph P., Joseph E. Seagram and Sons, Incorporated, 375 
Park Avenue, New York 22, New York 5M-4 

Crouch, Ray M., 3244 Douglass, Garland, Texas J0M-3 

Crouse, Homer L. 714 Apple Tree Lane, Deerfield, Illinois 
25M-4 

Crow, E. T., 29018 Wolf Road, Bay Village, Ohio 7M-4 

Crow, John T., 98 Westmont Avenue, Elmira, New York 48M-3 

Crowder, William L. 417 West First Street, Winston-Salem, 
North Carolina 21A-2 

Crownover, Lewis S8., Republic Steel Corporation, Room 410, 
Market Street, Youngstown 1, Ohio 24M-3 

Croysdale, W. E., 21026 Fairmount Boulevard, Shaker Heights 
18, Ohio 7M-4 

Crum, Glenn R., 312 Maryland Avenue, Erie 2, Pennsylvania 
51A-2 

Crumpler, Edwin Lowell, 13 Taylor Street, Berryville, Virginia 
0A-1 

Crutchfield, James H., 152 Christian Avenue, Roanoke, Virginia 
81A-1 

Cubbedge, Robert A. 3301 East Lincolnshire, Toledo 6, Ohio 
36M-4 

Cuddigan, Robert W., 3354 West Washington, Englewood, Colo- 
rado 32M-3 

Cullen, Arthur T., 801 Wimbleton Drive, Raleigh, North Carolma 
66A-1 

Culp, Charles E.. 7117 Booth Place, Ft. Worth 18, Texas J0A-1 

Culver, Harold D., 6334 Orinoco, Indianapolis 27, Indiana 65A-2 

Cummings, Donald F., c/o Wilson Plastics, Temple, Texas (A-! 

Cummings, E. William, Supervisor, Methods Engineering, Saginaw 
Steering Gear Division, GMC, 3900 Holland Road, Saginaw, 
Michigan 98M-4 

Cummings, Robert Jay, 1507 Spaulding Road, Magnolia Park, 
Savannah, Georgia 26M-3 

Cunningham, Edward L., 207 North Boyd, Sapulpa, Oklahoma 
15A-3 

Cunningham, William D., 3481 Palmyra Road, 8.W., Warren, 
Ohio 24A-1 \ 

Cupp, Frank M., 8310 East Orme, Wichita 18, Kansas 56A-2 

Curlee, Walter E.. H. C. Smith Oi] Tool Company, P.O. Box 
431, Compton, California 78A-2 

Curley, Robert G., Consolidated Freightways, Incorporated, 431 
Burgess Drive, Menlo Park, California 37A-! 
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Current, Kenneth A., 925 South Ninth Street, San Jose 12, Cali- 
fornia 37A-I 

Curry, John C., Jr, 211 Lawyers Building, Greenville, South 
Carolina 

Curson, Harold R., P.O. Box 166, Louisville 18, Kentucky J8A-3 

Curtis, Charles F.. Jr. 3220 Avenue E., Apartment D, Ensley, 
Birmingham, Alabama 9%A-2 

Curtis, Clyde F., 24 Hobart Avenue, Short Hills, New Jersey 
61M-4 

Curtis, George L.. Mason and Hanger-Silas Mason Company, 
Incorporated, Pantex Ordnance Plant, P.O. Box 647, Amarillo, 
Texas O0AF-3 

Curtis, Joseph M., 17472 Norton Avenue, Lakewood 7, Ohio 
7M-4 


Curtis, Robert H.. 510 West Broadway, Goldendale, Washington 


0A-I 
Cusack, Francis J, 10 Woerd Avenue, Waltham, Massachusetts 
30A-2 


Cushing, John W.. Eastman Kodak Company, Kodak Park Works, 
Rochester 4. New York 

Cushman, Lee H., Jr, 1306 Woodland Street, Tullahoma, Tennes- 
see 64M-3 

Cutler, Byron, Independent Perforators, Incorporated, P.O. Box 
128, Stillwater, Oklahoma 57AF-4 

Cuturilo, George M., 2156 Eighth Street, Akron 14, Ohio 52M-4 

Cyr, Arthur R. Frankford Arsenal, Philadelphia 37, Pennsylvania 

Czajkowski, Theodore S., 9 Jarvis Avenue, Syosset, Long Island, 
New York &6A-2 

Czarnecki, John R., 1498 Hertel Avenue, Buffalo 16, New York 
49A-] 

Czartoski, Bernard Z., 3078 Kent Road, Stow, Ohio 52A-2 


Dabbs, James E., 930 Richland Drive, Memphis 16, Tennessee 
28A-2 

Dabroski, Donald L., 1425 Hawthorne Street, Pittsburgh 1, Penn- 
evivania 3A-/ 

Dabrowski, Richard A. 95 Main Street, Concord, Massachusetts 
30A-2 

D’Acosta, Emil FE. 3350 Creston Road, Ft. Worth 15, Texas 
JOA-3 

DaGue, Richard E.. lowa Ordnance Plant, P.O. Box 561, House 
# 185-11, Burlington, lowa OAF-3 

Dahin, John B. P.O. Box 1151, Macon, Georgia 55A-] 

Dahlhaus, Frank J.. Ordnance Management Engineering Training 
Agency, Rock Island Arsenal! (Cost Center 1600), Rock Island, 
Illinois 46A-2 

Daise, Leonard H., 1142 McKinlev Avenue, Oakland 10, California 
12AF-3 

Dalen, M. Edward, 4130 Arden Wav, Sacramento, California 
43M-4 

Dall, David G., 315 James Boulevard, Signal Mountain, Tennessee 
54M-4 

Dallas, John J, 1055 W. 
79A-4 

Dalphy, James G., 
fornia 23A-] 

Daly, John J. 18 Maine Avenue, Somerville 45, Massachusetts 
30A-2 

Dambaugh, William E. 2334 Clark Avenue, Venice, California 
23A-] 

Dame, Richard G., 719 Club Lane, Kirkwood 22, Missouri J6M-/ 

D’Amelio, Anthony D., 209 Baleam Road, Hendersonville, North 
Carolina &3A-2 

Damroth, Michael, 465 Colfax Road, Havertown, Pennsylvania 
31A-4 

Danahy, Raymond John, Republic Steel Corporation, 1175 South 
Park Avenue, P.O. Box 1000, Buffalo, New York 49M-3 

Dandalides, John P., March Electric Company, 725 Water Street, 
Cambridge, Ohio 52A-2 

Danek, James V., 413 Callan Avenue, Evanston, Illinois 25M-4 

Danford, D. H. 230 South West Thirtieth Avenue, Miami 35, 
Flonda 40A-? 

Dangler, Edward, 1214 Manchester Street, National City, Cali- 
fornia 


Belvedere Circle, Mobile, Alabama 


3341 Stewart Avenue, Los Angeles 66, Cali- 
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Daniel, Anthony M., 901 Shares Crest Road, Birmingham 9, Ala- 
bama 9A-2 

Daniel, Truman L., 9003 Matthew Avenue, N.E., Albuquerque, 
New Mexico 

Daniels, George M., 34 Second Avenue, Auburn, New York 0M-3 

Daniels, Jerry G., 3730 Nautilus Avenue, Brooklyn 24, New York 
5M-4 

Daniels, W. Drexel, 301 Gilmour Court, Apartment 201, Rich- 
mond 21, Virginia 

Danielson, Donald E., 1548 Shelley Drive, Dayton 6, Ohio 2A-2 

Dantzler, Lorenzo N., c/o Mrs. W. M. Duncan, Inverness, Missis- 
sippi OA-! 

Dar, H. L., Industrial Engineering Department, TISCO, Jams- 
hedpur-l, India 4A-S 

D’Arcangelo, Edward J., Corning Glass Works, Walnut Street, 
Corning, New York 48A-! 

Dardwin, Louis J., 1581 Wittekind Terrace, Cincinnati 24, Ohio 
&M-4 

Dargan, William E., Staff Industrial Engineer, Aleoa, Aleoa Build- 
ing, Pittsburgh 19, Pennevivania 

Darling, Robert E., 6218 Oak Creek Way, Citrus Heights, Cali- 
fornia 43A-2 

Darmody, James E., 509 Samson Street, Redwood City, California 
37 A-! 

Darpino, Rov W., 1216 Front Street, Vestal, New York 96A-I 

Darragh, Ralph V., 1205 Concord Avenue, N.E., Massillon, Ohio 
J9M-3 

Darsow, Donovan W., 512 Newcomer Street, Richland, Washing- 
ton OA-§ 

Daugh, Harry C., 53 Rutherford Place, Montvale, New Jersey 
61M-4 

Daugherty, Lynn D, 8 Chauncy Street, South Weymouth, Massa- 
chusetts 30A-2 

Daughtrey, Lyman C., Jr., National Carbon Company, 1501 West 
State, Fremont, Ohio 36A-2 

Daum, Harold C., 628 South Prince, Princeton, Indiana S&&AF-4 

Daum, Paul J. 48 Avon Road, Berkeley 7, California 12M-4 

Davey, John, Jones and Laughlin Steel Corporation, 3341 Jen- 
nings Road, Cleveland 1, Ohio 7M-4 

David, Webster, 404 West Twenty-second Street, Wilmington 2, 
Delaware J00A-I 

Davidson, Edward 8S. 6352 Eastwood Street, Philadelphia 49, 
Pennsylvania 31A-2 

Davidson, Harold O, Jr. 13 Oxford Street, Chevy Chase, Mary- 
land J4M-4 

Davidson, James §., 
Maryland 14A-2 

Davidson, James T., 18203 Highland Drive, Maple Heights, Ohio 
/A-2 

Davidson, John H., 611 Park Building, Portland 5, Oregon 67M-3 

Davidson, Milton, Schermerhorn Drive, Ball Pond, RFD #4, 
Danbury, Connecticut &2A-2 

Davidson, Paul J, 5435 Argall Crescent, Norfolk 8&8, Virginia 
99 A-4 

Davies, Charles E., 209 Augusta Drite, North Syracuse, New 
York 13M4 

Davies, Ralph R., 2618 Garcia, N .E., Albuquerque, New Mexico 
59A-1 

Davies, Walter G. Jr, 140 Pallisades Drive, Signal Mountain, 
Tennessee 5/A-2 

Davine, John P., 7309 Shisler Street, Philadelphia 11, Pennsyvl- 
vania 31A-2 

Davis, Allan H., 18282 Kalvin Drive, Berea, Ohio 7AF-4 

Davis, Andrew J., Western-Electric Company, Lexington Road, 
Winston-Salem, North Carolina 21/A-2 

Davis, Bill G. #1, Mill Spring Addition, Godfrey, 
noiws J6A-2 

Davis, Byron E., 257 Haves Avenue, N.E., Massillon, Ohio J9M-3 

Davis, Charles F., 1740 West First Avenue, Columbus 12, Ohio 
1A-2 

Davis, Charles H., 369 River Road, Bogota, New Jersey 6/A-2 

Davis, Charles S., 1010 Deckner Avenue, S.W., Atlanta, Georgia 
6A-2 

Davis, Clayton L., Jr. 5456 A Lowe Street, Van Voorbis Manor, 
Ft. Knox, Kentucky 


7408 Ridgewood Avenue, Chevy Chase, 
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Davis, David, II, 25 Poland Manor, Poland, Ohio 24A-/ 

Davis, Donald J., 4310 Miami Street, South Bend 14, Indiana 
0A-3 

Davis, Donald L., 2493 East 4340 South, Salt Lake City 17, Utah 
50A-2 

Davis, Durwood H., 426 Phillips, Seaford, Delaware (A-/ 

Davis, Ford R., 1225 Detroit Street, Napoleon, Ohio 36A-2 

Davis, Gene C., 165 Salisbury Street, Kernersville, North Caro- 
lina 2/A-2 

Davis, George E., Jr.. Edgar, Florida 27A-4 

Davis, George G., 4205 Rosedale Road, Middletown, Ohio O0M-3 

Davis, George ©, 31 Ames Street, Cambridge, Massachusetts 


30M -4 

Davis, Harry L, 136 Southwood Lane, Rochester 18, New York 
44M -4 

Davis, Hubert V., Jr, 98 Roswell Court, N.E., Atlanta 5, Georgia 
6A-2 


Davis, James H, Aluminum Company of America, Aleoa Build- 
ing, Pittsburgh 19, Pennsvivania 3M-3 

Davis, John, 1975 Titus Avenue, Rochester 22, New York 44A-4 

Davis, John D., Manufacturing Planner, Rohr Aircraft Corpora- 
tion, Foot of “H” Street, Chula Vista, California 29A-/ 

Davis, John D., IBM Corporation, North Street, Endicott, New 
York 9%6A-! 

Davis, John E., 454 Fifth Street, Ogden, Utah 50M-4 . 

Davis, John H., 3 Fairfield Street, Boston, Massachusetts 30A-2 

Davis, Joveph Iryl, Champion De Arment Tool Company, South 
Main Street, Meadville, Pennsylvania 5/M-4 

Davis, Lawson C., c/o J. C. Vaughn, Powder Springs, Georgia 
6A-2 

Davis, Lester A., 1307 West Tate, Kokomo, Indiana 35AF-4 

Davis, Llovd H., 188 Boyd's Drive, Marietta, Georgia 6A-2 

Davis, Louie H, 2000 North West Ninth Street, Miami 35, 
Florida 40A-3 

Davis, Louis E., Industrial Engineering Department, University 
of California, Berkeley 4, California /2M-4 

Davis, Perry V., 844 Madeira Drive, S.E., Albuquerque, New 
Mexico S59A-! 

Davis, Reeves K., R.R. 3, Fairmont Road, Candler, North Caro- 
lina &2A-2 

Davis, Richard C., Freeport Road, R.D. 2, Northeast, Pennsylvania 
51A-2 

Davis, Richard S., 2328 St 
fornia 43A-2 

Davis, Robert G., 
forma 23AF-3 

Davis, Robert H., Jr, 1672 Cotswold Drive, N_E., Atlanta 19, 
(Georgia 6A-2 

Davis, Sidney, 1135 Anderson Avenue, Bronx 52, 
5A-2 

Davis, Theodore James, Continental Can Company, Incorporated, 
P.O. Box 324, New Orleans 9, Loutsiana 74M-4 

Davis, Thomas W.,, 909 Front Street, Beaufort, North Carolina 

Davis, Tommy E., 2101 Skylark Drive, Arlington, Texas 

Davis, Tommy M., 305 Third Street, Phillips, Texas . 0A-/ 

Davis, Walter G., 200 South West Street, Falls Church, Virginia 
14A-2 

Davis, William F., 40 Watson Avenue, Lyndhurst, New Jersey 
61A-2 

Davis, William R.. 28 Warwick Road, Watertown 72, Massachu- 
setts 30M-4 

Davis, William &., 
61A-4 

Davis, William V., Jr, 1953 Richwood Drive, Atlanta 19, Georgia 
6A-2 

Davison, David J., Lafavette College, Department of Industrial 
Engineering, kaston, Pennsvivania 77A-2 

Davison, David P., Sr. 999 Stage Coach Road, Little Rock, 
Arkansas &/A-] 

Davison, John E., 740 Skyline Drive, Lancaster, Pennsylvania 
71A-2 

Davisson, John H., 2695 Fairfax, Denver 7, Colorado 32A-! 

Dawes, Edmond S., 204 Edgewood Avenue, Brookhaven, Pennsyl- 
vania 3/A-2 


Mark's Wav, Sacramento 21, Cali- 


4215 Wi eft Sixtw-se cond, Los Angeles 43, Cali- 


New York 


764 East Clark Place, Orange, New Jersey 
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Daweon, Harold W., Middletown Road, R.D. #1, New Middle- 
town, Ohio 24M-3 

Dawson, John Frederick, Box 5524, State College Station, Raleigh, 
North Carolina 66M-3 

Day, Grant A., 725 Grizzly Peak Boulevard, Berkeley &, California 
12M-4 

Daybre, Joseph A. 2125 Rexford Way, San Jose 28, California 
37 A-1 

Dayhuff, Fred J., 39 Indian Trail, Crown Point, Indiana 53M-3 

Dea, Hany S., 3000 Frisby Street, Baltimore 18, Maryland 42A-2 

Deacon, Oren K., Willys Motors, Room 452, 9440 North Cove 
Boulevard, Toledo 12, Ohio 36A-2 

Deal, Billy E., 1377 West Riviera Drive, Mobile, Alabama /79A-2 

Deal, Robert B. 946 Curran Avenue, Kirkwood 22, Missour 
16A-2 

Deal, Walter J. 1247 Arcturus Lane, Mobile, Alabama /9A-2 

Dean, Hugh M., 1619 Jo Ann Street, Oklahoma City 19, Okla- 
homa 57A-2 

De Angelis, F. V., 1266 Alameda dellas Pulgas, Redwood City, 
California 37M-4 

Deaton, James R., 9112 Carlisle Avenue, Baltimore 6, Maryland 
42M-4 

DeBlois, John M., 111 Syeamore Drive, Metairie, Louisiana 
74A-2 

Debnam, Edward D., J. P. Stevens and Company, Incorporated, 
P.O. Box 360, Rockingham, North Carolina 66A-/! 

DeBruler, Robert Joseph, Thompson Products, Incorporated, 23555 
Euclid Avenue, Euclid 17, Ohio 7M-4 

DeCamp, James E., 6603 East Lafayette Boulevard, Scottsdale, 
Arizona /70A-2 

DeCastro, Alfred J.. Raytheon Manufacturing Company, 465 
Centre Street, Quincy 69, Massachusetts 30M-4 

Decker, W. C., PMR, Navy 990, c/o FPO, San Francisco, Cali- 
fornia 23A-l 

DeClue, Vincent C., 47 Little Creek Drive, Rochester 16, New 
York 44A-2 

DeCoveny, Emanuel, 2241 Plumb First Street, Brooklyn, New 
York 

Dee, Anthony John, United Air Lines, 5959 South Cicero Avenue, 
Chicago 38, Illinois 25M-4 

Deegan, J. Wayne, Engineering Building, State University of 
Iowa, Iowa City, lowa 46M-4 

Deem, Richard E., Standards Administrator, American Ma- 
chine and Metals, Incorporated, Sellersville, Pennsylvania 
77/M-4 

Deemer, Reed E., Industrial Engineer, United Air Lines, 5959 
South Cicero Avenue, Chicago 38, Illinois 25M-4 

DeFelix, Hector J.. 112 Clarington Street, Rochester 9, New 
York 44M-+4 

DeForest, Elliott, 860 Central Building, Seattle 4, Washington 

Defrain, Donald James, 606 Iris, Redlands, California 78M-4 

DeFrees, Charles A., 147 Landis Drive, Lancaster, Pennsylvania 
71A-2 

DeGarmo, E. Paul, 299 Grizzly Peak Boulevard, Berkeley 8, 
California 12M-4 

Degen, Rebert W., 212 Little John Lane, Johnstown, Pennsy!- 
vania YA-] 

Degenaar, A. W., Westinghouse Education Center, Ardmore 
Boulevard and Brinton Road, Wilkensburgh, Pennsylvania 
3A-1 

DeGersdoff, Robert L., 25 Livermore Road, Wellesly Hills, Massa- 
chusetts 30A-2 

De Greve, Stanley C., 608 West Bucyrus Street, Crestline, Ohio 
OA-1 

DeGrove, Henry D., II, 7305 Poinciana, Jacksonville 7, Florida 
27 A-2 

De Guere, Philip L.. Hudson Pulp and Paper Corporation, 
Palatka, Florida 27M-4 

de Hamel, Henry B., 2828 Cortelyou Place, Cincinnati 13, Ohio 
&M-4 

Dehn, Leonard H., 6533 South Whipple Street, Chicago 29, Illi- 
nois 25A-3 

Deisler, Paul F., 826 Mills Building, E] Paso, Texas 0M-3 

Deisner, Virgil S., 9406 Morton Avenue, Cleveland 9, Ohio /7M-4 
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DeJohn. Kenneth P., 470 Service Avenue, Sharon, Pennsylvania 
24M-3 

De Jong, Evan G., Whirlpool Corporation, U. S. #41, North, 
Evansville, Indiana &&M-4 

DeKleine, Henry, 4060 Citradora, Spring Valley, California 
29A-1 

Delaney, John B. Jr. 214 Warren Street, New Britain, Con- 
necticut 75A-2 

deLangavant, Bernard C., 56 Maple Place, Dedham, Massachu- 
setts 30AF-4 

Deleo, Emil A., 205 Adeline Avenue, Pittsburgh 34, Pennsylvania 
3M-3 

Del Fava, Egisto P.,. 59 Thompson Street, New York, New York 
5A-2 

Delionback, Leon M., 317 Wygoda Circle, Chattanooga, Ten- 
nessee 54M-4 

Dell, Martin E., 514 Williamson Lane, Springfield, Pennsylvania 
31A-2 

Dell’Ario, Joseph John, 1206 Faun Road, Wilmington 3, Delaware 
100A-1 

Delle Donne, Frank P., 323 Preston Avenue, Staten Island 12, 
New York 5A-4 

Dellinger, William C., Jr, Det “C” (SOD), Box #17, USAOS, 
Aberdeen Proving Ground, Maryland 42A-2 

Dellof, Irving A. 5-18 Essex Place, Fair Lawn, New Jersey 
61M-4 

Deloach, Robert D., 6926 Bloxham Avenue, Jacksonville &, Florida 
27 A-2 

Delsantro, Charles N., Jr, 4642 Waldemere Avenue, Willoughby, 
Ohio 7M-4 

Demangate, Don, 15939 Index Street, Granada Hills, California 
23A-3 

DeMars, A. J.. Libbey Owens Ford Glass Company, 608 Madison 
Avenue, Toledo 3, Ohio 36M-4 

Dempsey, George W., 1567 Crestview Drive, Pittsburgh 2, Penn- 
syivania 3A-! 

Dempsey, Patrick Joseph, 1619 North Webster Avenue, Dunmore, 
Pennsylvania 0A-/ 

Demy, Basil, 37-26 Eighty-seventh Street, Apartment 6G, Jack- 
son Heights 72, New York 5A-2 

Denari, Edward J., Chance Vought Aircraft, Incorporated, P.O. 
Box 5907, Dallas 22, Texas J0A-3 

Deneen, Clarence E., 208 Priddy Lane, Ft. Worth 14, Texas J0A-/ 

Denenberg, Earle 1., 8607 Olcott Avenue, Niles 48, Illinois 25A-3 

Deneris, George, 406 Alta View Drive, Midvale, Utah 50AF-4 

Denholm, Donald H., c/o Chase Bag Company, 4500 North 
Dorgenois, New Orleans 11, Louisiana 74M-4 

Denich, John, 18901 Fairville, Cleveland 35, Ohio 7M-<4 

Denison, Everett W.. Route #3, Box 231, Kawnga Road, Hender- 
sonville, North Carolina OAF-3 

Denman, Dewey G., 1020 Franklin Avenie, Pittsburgh 21, Penn- 
svivania 3M-3 

Denman, Heber S.-53ist Ordnance Company, APO 28, New 
York, New Yotk, Mannheim, Germany 84A-/ 

Dennett, Hugh Fc University of Arkansas, College of Engineering, 
Fayetteville, Arkansas 8&4M-3 

Denney, Roger P., Jr. Route #1, Frederick, Marvland 

Dennis, William S., Chief Industrial Engineer, Continental 
Can Company, 7140 North Broadway, St. Louis, Missouri 
16A-2 

Dennler, Delvin A., 14 South Fifty-second Street, Belleville, Illi- 
nois J6A-4 

Dennler, Jean-Jacques, 2266 Carquinez Avenue, E! Cerrito, Cali- 
fornia J12A-2 

Denny, Lee L., 745 South Banner, Ruston, Louisiana &84A-/ 

Densmore, William P.. Norton Company, Refractories Division 
1 New Bond Street, Worcester 6. Massachusetts 68M-3 

Denson, Charles B., 5114 F Street, Little Rock, Arkansas &84A-/ 

Dent, Morris D., 1226 Joanne Lane, Champaign, Illinois (0AF-3 


Denver, Edwin M., 456 East Virginia, Glendora, California nnn | 


De Paschalis, Edward G., Lukens Steel Company, Strode Avenu 
Office, Coatesville, Pennsylvania 3/AF-4 

Dergance, Robert M , 4467 Trivoli Street, San Diego 7, California 
29A-1 

Dershaw, David V., 1134 Southern Boulevard, N.W., Warren, 
Ohio 24A-1 


DeSellem, John B.. 1120 Rosedale Avenue, Burlingame, Cali- 
fornia J2N-4 

Deskins, Jack, 1015 College Avenue, Apartment 9, Bluefield, West 
Virginia &1A-] 
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Forman, Howell W., Jr., Assistant Professor, Southern Methodist 
University, Box 414, Southern Methodist University, Dallas 
22, Texas 10M-3 
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Frietsch, Paul E., 223 East Embert Place, Peoria, Illinois 480A-2 
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32A-1 

Frith, Lewsws O. 21717 Reynolds Drive, Torrance, California 
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87 A-I 

Fubr, Jerome F., Charmin Paper Products Company, Box 645, 
Green Bay, Wisconsin 45M-4 

Fuhrman, Ronald Albert, 18484 Michael, East Detroit, Michigan 

Fulbright, J. G., Box 14, Calumet AFS, Michigan 0A-I 
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California 23M-4 

Hall, James Newell, Jr, 161 Ebony Avenue, Imperial Beach, 
California 29M-3 
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Hamarat, Metin R., 304 La Fayette Circle, Savannah, Georgia 
26M -3 

Hambley, William O., 720 Arch, Burlington, lowa 0M-3 
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23M-4 

Hanson, Louis G., 4763 East Dayton, Fresno, California 12M-/ 

Hanson, Richard E., 1880 Fairmount, St. Paul 15, Minnesota 
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Lopez, Joseph B., 20 East Franklin Street, Nelsonville, Ohio J1A-2 

Lopez, Michael, 69 Ashton Avenue, Palo Alto, California 
37 AF -3 

Lorch, Robert B.,, Jr, 40 West Fortieth Street, New York 18, New 
York 5M-4 

Lord, Chester M., 1390 Washington Street, Canton, Massachusetts 
30A-2 

Loreck, Alvin, 223 Oak Avenue, Baltimore 8. Marviland 42A-2 

Lorenz, Arthur E., Post and Rail Farm, R.R. 1, Palos Park, 
Illinois 25A-/ 

Lott, Sterns B, Jr. 737 Meadowbrook Drive, North Tonawanda, 
New York 

Lotz, Walter John, 2319 Lafreniere Street, New Orleans 22, Louist- 
ana 74M-4 

Loucks, William W., The Hvdro-Eiectrie Power Commission of On- 
tario, 620 University Avenue, Toronto 2, Ontario, Canada 
8&7 A-1 

Louis, Lyman G., North Pacific Bank Note Company, 1401 Broad- 
wav, Seattle 22, Washington 20AF-3 

Louk, George, 702 Fabrique, Wichita 18, Kansas 56A-2 

Love, Charles H., 1436 Bowman Avenue, Dayton 9, Ohio 2A-2 

Love, Gilbert, Bucyrus Erie Company, 1202 West Twelfth Street, 
Erie, Pennsvivania 5] A-2 

Love, John Black, 14 Stewart Avenue, P.O. Box 471, Thistletown, 
Ontario, Canada 47M-3 

Love, Perry J., 221 East Street, S.E.. Auburn, Washington 20A-2 

Lovelace, Houston M, Jr. Wolverine Tube, 17200 Southfield, 
Allen Park, Michigan 4/7A-2 

Lovelace, Melvin E., 1944 Rowan, San Diego 5, California 29A-! 

Loveland, James W., 33 Hoover Road, Rochester 17, New York 
14A-2 

Loveless, Howard L., University of Tennessee, Industrial En- 
gineering Department, Perkins Hall, Knoxville 19, Tennessee 
11A-2 

Lowden, John E., 18 Joliet Street, Laconia, New Hampshire 
63A-1 

Lowe, Jay S., Jr, 380 Catalpa, Drive, Birmingham, Michigan 
47 A-4 

Lowe, John R., Line Material Company, 1700 Vanderbilt Road, 
Birmingham 2, Alabama 9A-2 

Lowe, Raymond §8., Cleveland Graphite Bronze Company, 17000 
St. Clair Avenue, Cleveland 10, Ohio 7AF-4 

Lowe, Robert A.. R.R. 1, Hanna Road, Willoughby, Ohio 7M-4 

Lower, Edgar R., Jr., 416 West Thirtieth Street, Davenport, lowa 
46A-2 

Lowitz, Sidney, 107 Shonnard Avenue, Freeport, New York 
86A-2 

Lowke, Richard P., 8274 Longford Drive, Fort Worth, Texas 
10A-1 


1504 Elmwood Drive, Hunteville, Alabama 


1960 


\ 


Lowndes, Thomas, Jr, 210 Maedilis Drive, Decatur, Georgia 
6A-2 
Lowth, James Francis, 621 Simms Street, Charleston 4, West Vir- 
ginia 58M-4 
Loy, William E., 3920 Inwood Drive, Kingsport, Tennessee 17A-! 
Lubel, Kenneth E., 1661-D Valley Avenue, Birmingham 6, Ala- 
bama 9A-2 
Lubelchek, Harvey, 6539 North Mozart, Chicago 24, Illinois 
25A-1 
Lubezny, Steven, Link-Belt Company, 300 West Pershing, Chicago 
9 Illinois 25M-4 
Lubin, John F., University of Pennsylvania, Wharton School, 
Philadelphia 4, Pennsylvania 31/M-—4 
Lubin, Peter M., 829 Hillcrest Road, Orange, Connecticut 0M-3 
Lucas, Corliss M., 3830 Curtis, Mogadore, Ohio 52A-2 
Lucas, Jack G., 2137 Clearview, Abington, Pennsylvania 314-4 
Lucas, John D., 709 Buena Vista Boulevard, Steubenville, Ohio 
3A-1 
Luce, John B. 257 Emerson Street, Rochester 13, New York 
44M-4 
Lucy, J. Herbert, 1602 Cole Creek Drive, Omaha 14, Nebraska 
90M -4 
Luddy, Frederick J., 1699 Highview Avenue, Akron 19, Ohio 
52A-2 
Ludemann, John M., 553 Northview Drive, Forest Park. Val- 
paraiso, Indiana 53A-! 
Ludmer, Henry, 134 Peach Street, Park Forest, Illinois 25M-4 
Ludwig, Herbert G., 2606 Linwood Avenue, Royal Oak, Michigan 
47M-4 
Ludwig, Raymond C., 1324 West Miner Road, Cleveland 24, 
Ohio 7A-2 
Ludwig, Sol, 163 Peach Orchard Road, Waterbury, Connecticut 
M4 
Luebeck, Alvin J.. Chief Industrial Engineer, Felt Products. 
7450 North McCormick, Skokie, Illinois 25A-/ 
Lugviel, Fred, Jr. Apartment 2C, 707 North Main, Carlsbad, 
New Mexico S5S9AF-3 
Lukas, Gunner J., Food Machines and Chemical Corporation, 
Westvaco Mineral Products Division, 500 Roosevelt Avenue, 
Carteret, New Jersey 6/A-2 
Luke, Allan D., 10409 Midland, St. Louis 14, Missouri /6A-2 
Lumsden, Ernest A., Jr. 1915 Andover Street, Winston-Salem, 
North Carolina 2/A-2 
Lumsden, G. H., 31 East Ogden Avenue, La Grange, Illinois 
Lund, Harry, 2703 Grand View, San Diego 10, California 29M-3 
Lundberg, Robert H. 824 Misty Glen Lane, Dallas 32, Texas 
10M-3 
Lundstrom, Carl W., Link Aviation, Incorporated, Industrial En- 
gineering Department, Binghamton, New York 96M-3 
Lurie, William, 502 East Broadway, Hawthorne, California 23M-4 
Luther, George L., 118 Gorsline Street, Rochester 13, New York 
44A-2 
Luther, Rodney F., c/o Centro Ind. de Productividad, Manuel M. 
Contreras 133, Mexico City 4, DF. Mexico (0A-! 
Luttrall, Donald G., 5311 Henderson Street, Apartment 227, Seattle 
18, Washington 20A-2 
Lutz, James F., 1715 Borden Street, San Mateo, California 37A-! 
Lutz, Raymond F., 23910 Glenbrook Boulevard, Euclid 17, Ohio 
Lavetes, James J., 4731 Twelfth, N.W.. Canton 8, Ohio J9A-! 
Lyang. Donald L., 860 South Road, Belmont, California 37AF-3 
Lyle, John M., 238 West Congress, Caro, Michigan 98M-4 
Lynam, William A., Case Institute of Technology, 10900 Euclid 
Avenue, Cleveland 6, Ohio 7M-4 
Lynas, Robert M., Thompson Products, Incorporated, 4201 Van 
Dyke, Warren, Michigan 47A-2 
Lynch, Herbert A., 435 Wonderwood Drive, Charlotte 7, North 
Carolina 21M-4 
Lynch, John F., 15 Taft Street, Dorchester 25, Massachusetts 
S0AA 
Lynch, Robert A., 1320 Irving Street, Winston-Salem, North Caro- 
lina 21A-4 
Lynch, William H., United Wallpaper, Incorporated, 1350 South 
Kostner Avenue, Chicago 23, Illinois 25M-4 
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Lyndon, Charles H., 1320 Center Avenue, Cuvahoga Falls, Ohio 
52A-2 

Lynn, Bernard R., 916 East Gerhart, Kokomo, Indiana 35AF-4 

Lynn, James R., 937 Hill Street, Bristol, Tennessee /7A-/ 

Lynn, Wiliam N., Western Printing and Lithographing Company, 
1310 South Spring Street, St. Louis 10, Missouri /6AF-4 

Lyon, James R. 201 Ocean Street, Solana Beach, California 
29A-1 

Lyons, Lawrence M., Conley Frog and Switch Company, P.O. Box 
3188, Memphis 9, Tennessee 28A-2 


McAlister, James N.. Box 527, Conover, North Carolina 0A-! 
McAmis, John E.. R.R. 2, Sweetwater, Tennessee 
McAra, Albert J., Industrial Engineer, Massey-Ferguson Verity 


Works, Greenwich Street, Brantford, Ontario, Canada &7A-/ | 


McBrayer, Roger N., R.R. 8, Maryville, Tennessee 1] A-2 

McBride, Thomas A., Box 397, Ray, Arizona 70AF-4 

McBryde, Vernon E., 744 Cleveland, Favetteville, Arkansas 
84A-] 

McCabe, Ethan K.. R.R.1, Foristell, Missouri J6M-4 

McCabe, Harry F.. 4409 Jefferson Street, Gary, Indiana 53A-/ 

McCampbell, H. C., 31 South Sylvan, Columbus 4, Ohio /]M-4 

McCann, James E., c/o Convair, Department 16, Fort Worth, 
Texas JOM-3 

McCarthy, Alfred H., Creole Petroleum Corporation, Caripito, 
Apartado 3088, Maturin Edo, Monagas, Venezuela (0A-3 

McCartney, James E., 30739 Sheridan, Garden City, Michigan 
417A 

McCarty, Cecil C., 1264 East Sixth South, Salt Lake City 2, Utah 
5OAF -4 

McCarty, D. W., 3676 Alan Path, Seaford, New York &6A-2 

McCarty, Frank H., 491 West Abbott«ford Avenue, Philadelphia 44, 
Pennsvivania 31/AF-4 

McCauley, Bruce G.. Executive Vice President, Shand and Jurs 
Company, 2600 Eighth Street, Berkeley 10, California 12M-4 

McCauley, Harold J., Philadelphia Gas Works, 1800 North Ninth 
Street, Philadelphia 22, Pennsylvania 3/A-2 

McCauley, James A., 157 Hall Avenue, Warren, Ohio 24A-3 

‘McClain, John N., Combustion Engineering, Incorporated, 911 
West Main Street, Chattanooga 1, Tennessee 54M-4 

McClain, Rollin 201 Locke Avenue, 8.E., Massillon, Ohio 
I9M-3 

McClain, William E., Jr... 4627 Arthur Drive, New Orleans 22, 
Louisiana 74A-2 

McClain, William R. 1110 Market, Lewisburg, Pennsylvania 
8&9 A-2 

McClellan, Robert B. 9211 Harriet Lane, Anaheim, California 
23M-4 

McClintock, Karl Wayne, 6740 Dover Road, Indianapolis 20, In- 
diana 65M-4 

McClung, Paul W., 2620 Pansy Street, 8S. W., Huntsville, Alabama 
OOAF-4 

McClure, Guy Victor, R.R. 3, Box 236, Edmond, Oklahoma 
57A4 

MecColloch, Thomas Richard, 7075 Galeswood Street, San Diego 20, 
California 29M-3 

McComb, Robert H., Ontario Hydro, 224 Bloor Street, Toronto, 
Ontario, Canada &7AF-3 

McConnell, Daniel L.. 2520 Lee Summit Road, Independence, Mis- 
sourt 92A-2 

McConnell, Ezra, Jr. 206 Knob Hill Drive, Bristol, Tennessee 
17 A-1 

McCormack, James 8S. 2 Flower Street, Corning, New York 
48 

McCormack, John D., 116 Svivan Road, Walnut Creek, California 
12A-2 

McCormick, James J., Sears Roebuck and Company, Department 
817, 925 South Homan Avenue, Chicago 7, Illinois 25M-4 

McCormick, Jerry, R.R.6, Harrison, Arkansas 15A-] 

McCormick, Robert, Sperry Gyroscope, Mail Station IVII3, Great 
Neck, New York 5A-2 

McCormick, Robert L., 2025 Alexander, Louisville 17, Kentucky 
1&M-3 

McCormick, Ross W., 2511 Elizabeth Street, Lafayette, Indiana 
35A4 
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McC owen, Redmund A., 1849 Roberts, Beaumont, Texas (0A-/ 

MeCoy, Allen W., 1518 Belmead Lane, Irving, Texas J0A-/ 

McCoy, Jack, R.R. 2, Box 20, Elkton, Virginia (0A-/ 

McCoy, William B., 1219 Twenty-fourth Street, N.E.. Canton 4, 
Ohio 19M-3 

McCrary, T. W., P.O. Box 1031, Baton Rouge, Louisiana 4/A-/ 

McCredie, Cassius M., Box 44 CMU, Lackland Air Force Base. 
Texas 39A-4 

McCroby, Barbara, 3957 Larchview Drive, Cincinnati 36, Ohio 
8A-2 

McCullough, Murray Douglas, Stee] Company of Canada, Wilcox 
Street, Hamilton, Ontario,Canada &7M-3 

McCully, Robert A. 7 Hanover Circle, Lynn, Massachusetts 
30A-2 

McCulskey, Edward, 80 Baker Street, Johnson City, New York 
96A-1 

McCurdy, Emmett A., Jr., 849 Newman Drive, South San Fran- 
cisco, California 37A-I 

McCutchan, Melvin A., 722 Jefferson, N.E.. Albuquerque, New 
Mexico 59A-! 

McDermott, M. P., Jr., 1895 Oakdell Drive, Menlo Park, Cali- 
fornia 

McDonagh, James J., 41 Hill Road, Farmingdale, New York 
8&6A-2 

McDonagh, William C., 2539 Castleton, Toledo, Ohio 36AF-4 

McDonald, Donald, 457 Shawnee Road, Bristol, Virginia /7A-/] 

McDonald, Hiram B., Allegheny Ludlum Steel Corporation, West 
Leechburg, Pennsylvania (0A-/ 

McDonald, John A., 466 East Three Hundred Fourteenth Street, 
Willowick, Ohio 7A-2 

McDonald, Norman H., 4814 Mount Airy Road, Sylvania, Ohio 
36M -4 

McDonald, Russell William, 34800 Dogwood Lane, Chagrin Falls, 
Ohio 

McDonough, Clarence J., Project Engineer, Federal Bearing Com- 
pany, Inc., Fairview Avenue, Poughkeepsie, New York 76A-2 

McDonough, James P., 21-31 Seventy-eighth Street, Jackson 
Heights, New York 5A-2 

McDonough, James R., III, 2911 Loudon Avenue, Baltimore 16, 
Marviand 42A-2 

McDowell, Edward D., 765 Pinewood Drive, Macon, Georgia 
55A-1 

McDowell, Glen, 1817 Westchester Drive, Garland, Texas J0A-/ 

McDowell, Joseph W., 604 Amherst Drive, S.E., Albuquerque, 
New Mexico 59M-3 

McDowell, Richard W., 7540 Hawkinsville Road, R.R. 3, Macon, 
Georgia 55A-I 

McDowell, Richard W., Industrial Engineering Department, Pur- 
due University, West Lafavette, Indiana 35A-2 

McDowell, William G.. 402 Old Eagle School Road, Strafford- 
Wayne, Pennsylvania 3/A-2 

McDuffie, James C., 107 Svbil Lane, Marietta. Georgia 6M-/ 

McElduff, James T., Jr, 26 Bea Avenue, East Northport, New 
York &5A-2 

McElhannon, William K.. Box 184, Pembroke, Kentucky 0A-! 

McElheney, Marion E., Jr, 1945 Gotham Way, N.E., Atlanta, 
Georgia 6A-2 

McElligott, Gary D., 11725 Ridgeway, Blue Island, Illinois 25A-/ 

McElrath, Gayle W.. Mechanical Engineering Building, Univer- 
sity of Minnesota, Minneapolis 14, Minnesota 34M-4 

McElroy, Loren H. 733 Torrence, San Diego 3, California 
29AF -3 

McEntire, Thomas Kenneth, North Harding Road, Box 743, In- 
gomar, Pennsylvania 3M-3 

McEvoy, James M., 131 Castle Creek Road, Binghamton, New 
York 96A-] 

McFarland, Charles D., 546 Kenmore, N.E., Warren, Ohio 24M-3 

McFaul, James E., 85 Edgewater Drive, Quincy 69, Massachu- 
setts 30A-2 

McGarrah, Robert E., 131 Grove Street, Wellesley 81, Massachu- 
setts 30M-4 

McGehee, John W., Acme Steel Company, One Hundred Thirty- 
fourth and Clark, Riverdale Station, Chicago 27, Illinois 
25A-1 
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McGhee, William M., 252 Stanford Avenue, Menlo Park, Cali- 
fornia 37A-I 

MeGibboney, Frank J., 28 Woodbine Road, Tuscaloosa, Alabama 
9A-2 

McGlade, Richard J., 18 Dudley Lane, Kings Park, Long Island, 
New York 5A-2 

McGonigle, John S., 400 Vernal Drive, Alamo, California 12A-2 

McGowan, James P., James Lees and Sons Company, Glasgow, 
Virginia 101M-4 

McGowan, Melvin F., 417 South James, Kimberly, Wisconsin 
45A-2 

MeGrath, Francis L., Jr, Head of Electrical Sub-Assembly, Ray- 
theon Manufacturing Company, Lever Building, Sevon Street, 
Waltham, Massachusetts 30A-2 

McGrath, James F., International Nickel Company, Incorporated, 
Guvan River Road, Huntington 17, West Virginia 58&M-# 

McGrath, Jerry G., Senior Industrial Engineer, Armeo Steel Cor- 
poration, Butler, Pennsylvania 3M-3 

McGrath, Joseph Patrick, 44 Lincoln Avenue, Ardsley, New York 
5M-+4 

McGrath, Robert H.. Manager Standards Department, Atlas As- 
bestos Company, Limited, P.O. Box 878, Place D’Armes, Mon- 
treal 1, Quebec, Canada &7M-3 

MeGuffin, Rocco F., 1553 Ormandy Drive, Baton Rouge &, Louts- 
ana 4/M-3 

MeGuire, Richard W., 6979 Galewood Street, San Diego 20, Cali- 
fornia 29M-3 

MeGuire, T. Richard, 1224 South Eighth East, Salt Lake City, 
Utah S0A-2 

McGuire, William J. c/o Hess Trading and Transport, Incorpo- 
rated, Box 200, Port Reading, New Jersey 61 M-4 

McHardy, Donald D., Ryan Aeronautical Company, 2401 Harbor 
Drive, San Diego 1, Califormia 2VA-/] 

McHose, Andre H, 242 Bradley Avenue, State College, Pennsyl- 
vania &9M-3 

Melilroy, Homer C., Jr, 8907 Los Arboles Avenue, N.E., Albu- 
querque, New Mexico 59A-/ 

MelInnis, Erich L, Jr, 912 Guntersville Road, Arab, Alabama 
OY A-2 

MelIntire, William A., Westinghouse Electric Corporation, Box 
71, Metuchen, New Jersey 61M-4 

MeIntosh, Lowrie W., 9554 Woodman, Pacoima, California 23A-] 

MeIntvre, Stanley G., Stanley Melntvre and Associates, Russ 
Building, San Francisco, California 37 M-4 

McJunkin, Hugh 1759 Landana Drive, Concord, California 
12A-4 

McKay, William E, 

McKean, James P., 4864 North Sheffield Avenue, Milwaukee 1/7, 
Wisconsin 45M-4 

McKeand, M. L., 7120 Reseda Boulevard, Reseda, California 
23M-4 

MeKee, Wendell S., 2735 East Forty-fifth Place, Tulsa, Oklahoma 
15M -3 

McKee, William R 
vania 

McKelvey, Stewart D., 20001 Parkview Avenue, Cleveland 16, 
Ohio 

McKenna, J. V., 105 Barrington Road, Syracuse 3, New York 
13M-4 

Mekenny, James F., 8809 Thirty-fifth Avenue, Jackson Heights, 
Long Island, New York ‘4&6M-+4 

MeKenzie, Eldon John, 12800 Oakland, Highland 3, Michigan 
47M-4 

McKenzie, F. Wayne, 505 Mount View Avenue, Bluefield, West 
Virginia 

MeKenzie, James A., 734 James Drive, Richardson, Texas JOA-] 

McKenzie, James H., 10024 Northeast Twentieth Street, Bellevue, 
Washington 20A-2 

McKenzie, Ralph E., 518 Elm Avenue, Chula Vista, California 

29A-1 


8 Auburn Drive, North, Mobile, Alabama 


Carter Hill Road, R.R. 4, Corry, Pennsyl- 


McKenzie, Robert R. 1203 Montana Place, Joplin, Missouri 


McKeown, Alvin Tresval, 302 Hazel Street, Waynesville, North 
Carolina &3M-4 


Janvary—february, 1960 


McKibben, Thomas R., 12 Pratt Court, Binghamton, New York 
96A-1 

McKinney, Phil 8S. American Enka Corporation, Enka, North 
Carolina 8&3M-4 

McKirahan, Richard N ., 4284 Acacia Avenue, National City, Cali- 
fornia 29M-3 

McKnight, Selden W., 9500 Oak Avenue, Orangevale, California 
4$3A-2 

McLain, John D., 756 Longstreet Drive, Manassas, Virginia 

14A-2 

McLaren, Theron D., 1807 Maple Avenue, Liberty, Texas (0A-/ 

MecLarney, William J., 2434 Tulip Road, San Jose 28, California 
37M-+4 

MeLauchlin, Hugh C., Burlington Industries, Shannon, Georgia 
93M-4 

McLaughlin, Hollis G., 300 Lakeside Drive, Kaiser Aluminum and 
Chem. Sales, Incorporated, Oakland 12, California 12M-4 

McLaughlin, John R. 605 East Genesee Street, Fayetteville, 
New York J13A-2 

McLaughlin, Richard E., 7856 Saltsburg Road, Monroeville, 
Pennsylvania 3A-/] 

McLaughlin, Wilbur D., 654 Groff Avenue, Elizabethtown, Penn- 
svivania 71M-4 

McLean, Robert A., 3968 Talcott Avenue, Winston-Salem, North 
Carolina 2/A-2 

McLean, Robert O., Corning Glass Works, Apparatus Plant, 
Corning, New York 48M-3 

McLeod, Charles F., 3035 Rightmire Boulevard, Columbus 21, 
Ohio I1M-4 

McLeod, Charles K., 2710th Installations Squadron, Box 63, APO 
323, San Francisco, California (@A-! 

McLeod, Robert L., Jr., 115 Wactor Street, Sumter, South Caro- 
lina OA-] 

McLernon, James W., 8&3 Colvin Boulevard, Kenmore 23, New 
York 49A-] 

McLeroy, Charles E., Jr.. 3921 Bradford Street, Corpus Christi, 
Texas 39A-2 

McMillan, Alexander C., P.O. Box 840, Fruitville Pike, Lancaster, 
Pennsylvania 71M-4 

McMullen, Willard C., 531 Highland Avenue, Upper Montelair, 
New Jersey 61M-4 

McMurtrie, John B., 23 Upper Market Street, Milton, Pennsyl- 
vania 8&9A-2 

McNally, Thomas M., Rome Air Foree Depot, Criffiss Air Force 
Base, Rome, New York &5A-2 

MeNeill, Raymond 8S. 121 Dean Street, Hicksville, New York 
5A-2 

MeNeilly, D., 3540 Glade Street, San Diego 15, California 20M-3 

MeNichol, Allen G., Canada Iron Foundries, Limited, 171 Eastern 
Avenue, Toronto, Ontario, Canada &7M-3 

MeNulty, Joseph, Jr. 101 Fairfield Drive, Bristol, Tennessee 
17 A-1 

MeNutt, Charles C., 2 Assabet Drive, Northboro, Massachusetts 
68A-2 

MeQuage, Lance G., Jr., 163 Westdale Avenue, Winston-Salem, 
North Carolina 21A-2 

McQue, John P., Phillips Electric Company, Limited, King Street, 
Brockville, Ontario, Canada» 87A-1 

McQuiston, Clyde E., The Advance Foundry Company, 107 Semi- 
nary Avenue, Dayton 3,Ohio 2M-4 

McRainey, John H., Automation, Penton Publishing Companr, 
1213 West Third Street, Cleveland 13, Ohio 7A-2 

McStay, Robert D., 1045 East Camelback Road, Scottsdale, Ari- 
zona /0A-2 

McSwegin, Charles E., 136 Thirty-sixth Street, N.E., Canton 4, 
Ohio 19A-3 

McTaggart, Wallace W., P.O. Box 1485, St. Augustine, Florida 
27 AF 4 

McTague, Harry D., Columbia-Geneva Steel Division, USC, P.O 
Box 510, Provo, Utah 50A-2 

McTague, William M., 10 Spring Circle, Shrewsbury, Massachu- 
setts 68A-2 

McTarnaghan, Hugh A., 409 Northwood Drive, Kenmore 23, New 
York 49A-l 

MeVay, Robert H., 165 North Pine, Chicago, Illinois 25M-# 
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McVey, Kent, 133 Miller Street, Fayetteville, Arkansas 8&4A-/ 
- MeWhorter, Andrew J., Continental Can Company, Incorporated, 
P.O. Box 187, Harvey, Louisiana 74M-4 
Mabry, Herbert D.. 1416 Prospect Avenue, Pulaski, Virginia 
81A-1 
MacBrayne, John M., Union Bag-Camp Paper Corporation, 233 
Broadway, New York 7, New York 5M-4 
MacDonald, Bernard A., 30 Cordella Avenue, Toronto, Ontario, 
Canada &7M-3 
MacDonald, G. Dana, 139 Spring Ridge Road, King of Prussia, 
Pennsylvania 3/A-2 
MacDonald, John J. Portsmouth Naval Shipyard, Code 30°, 
Portsmouth, New Hampshire 62AF-4 
MacDonald, Raymond S., 193) Windsor Road, Petersburg, Vir- 
ginia OM-3 
MacDonell. Roderick D.. 410 West Second Street, Chillicothe, 
Ohio 0M-3 
Macedo, Jose X.. Rua Anchieta 24, Apartado 704, Leme, Rio 
de Janeiro, Brazil (0A-/ 
MacFarlane, William N., 6654 Montclair Drive, Riverside, Cali- 
fornia 7&A-2 
MacGrath, Edward W., 63 East Ninth Street, Apartment 6M, 
New York, New York 5M-4 
Machado, Harold F., 149 Elmhurst Court, Santa Clara, California 
37 A-1 
Maches, William A., 727 Layton Court, Santa Clara, California 
37 A-1 
MacKay, Donald R. N., 
chusetts 30A-2 
MacKay, Douglas D., Pacific Pumps, Incorporated, 5715 Bickett 
Street, Huntington Park, California 23A-/ 
MacKenzie, John M., 4240 Vernon Avenue, St. Louis Park 16, 
Minnesota 3&8&M-4 
Mackin, Bernard J., 622 Marquette Drive, San Antonio 1, Texas 
39A-2 
MacLachlan, James C., 2314 Westouer Drive, Winston-Salem, 
North Carolina 21]A-2 
MacMinn, John L., 2053 Reed Street, Williamsport, Pennsylvania 
89A-2 
MacNary, Harry D., Apartment C-4, Town House, 908 South 
Tracy Avenue, Bozeman, Montana (0M-3 
MacNiece, Eugene H. Route 1, Box 222, New Market, New 
Jersey 61M-4 
Macon, Harley P., 1910 West Chase, Pensacola, Florida 33A-] 
Macoubray, James G., III, 806 Sixth Street, S.W., Great Falls, 
Montana 
MacPhail, Alexander P., Canada Iron Foundries, Limited, 169-171 
Eastern Avenue. Toronto, Ontario, Canada &7A-/ 
MacQuarrie, Wesley E., Jr.. 21 Concord Street, Needham Heights, 
Massachusetts 30A-2 
MacRae, Austin D., Jr, 6 First Street, Hudson, New Hampshire 
62M -4 
MacTavish, Hugh A., 8830 East Gardendale Street, Downey, 
California 23A-] 
MacWilliams, H. F., Jr. 138 Miller Drive, Southampton, Penn- 
svivania 3/M-# 
MacWilliams, Robert W., Ernst and Ernst, 50 Congress Street, 
Room 700, Boston 9, Massachusetts 30M-4 
Macy, Frederick D., 3202 Glen Haven, Houston 25, Texas 22M-4 
Macy, Marshall E.. 20228 Twenty-first Street, N.W. Seattle 77, 
Washington 20A-2 
Madden, John F., 2545 Northwest Boulevard, Columbus 21, Ohio 
IM-4 
Madden, Robert T., 5424 Guida Drive, Guilford College, North 
Carolina 21M-4 
Madenfort, James L., 8 Wilde Avenue, Apartment 7, Drexel Hill, 
Pennsylvania 3/A-2 
Magar, Victor D., 3815 West Fifty-seventh, Los Angeles 43, Cali- 
fornia 23M-4 
Magee, William J., Corning Glass Works, Follbrook Plant, Corn- 
ing, New York 48&M-3 
Magenheim, Fred R., 760 Bartholdi Street, Bronx 67, New York 


30 Emerson Road, Winthrop 52, Massa- 
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Maggio, Frank C., 2 Suffolk Drive, North Merrick, Long Island, 
New York &6A-2 

Magid, Martin K., 12753 Santa Rosa, Detroit 38, Michigan 47A-2 

Magill, Allen B. Vanity Fair Mills, Incorporated, Gorden and 
Buttonwood Streets. Reading, Pennsylvania 0M-3 

Magoon, David R., 5848 Beacon Street, Pittsburgh 17, Pennsyl- 
vania 3A-/] 

Maguire, Howard 8, Jr., 130 West Kendall Drive, East Syracuse, 
New York J3A-2 

Mahaffey, Daniel E., Eastman Kodak Company, 4729 Miller 
Drive, Chamblee, Georgia 6M-4 

Mahaffey, William A., I], 5014-B Venable Avenue, S_E., Charles- 
ton 4, West Virginia S&A-2 

Mahanti, Bimal K., 319 College Avenue, Ithaca, New York 
48A-I1 

Maher, Paul L., 2615 Genesee Street, Utica 3, New York 8&5M-4 

Maher, Thomas A., 10224 Kenlee Drive, Baton Rouge 6, Louisiana 
41A-1 

Mahoney, William P., 8055 South Ada Street, Chicago 20, Illinois 
25A-I 

Maier, John F., Jr. 311 East One Hundred Sixty-second Street, 
Seattle 55, Washington 20M-4 

Maiolo, Bruno A., 1387 Bronx River Avenue, Bronx 72, New 
York &6A-2 

Majewski, Kenneth J., Jr, 7315 South Carpenter, Chicago, IIli- 
nois 25A-] 

Majewski, Stanley J.. 12 Broadway, Jersey City 6, New Jersey 
5AF +4 

Major, Stephen J. 993 Chelston Road, South Euclid, Cleveland 
21, Ohio 7A-2 

Malbon, John F., 655 Maple Street, Oxnard, California 0A-3 

Malcolm, D. G., System Development Corporation, 2500 Colo- 
rado, Santa Monica, California 23M-4 

Maldonado, Gerardo E., P.O. Box 8864, San Juan, Puerto Rico 

Maley, Paul J., 1722 Summit, Racine, Wisconsin 45M-4 

Malhotra, R. C., Eveready Flash Light Company, Limited, Mill 
Road, Aish Bagh Lucknow, India 4A-S 

Malinka, Stephen J., 355 Hayes, Gary, Indiana 53A-/ 

Mallery, Robert H., Standard Publishing Company, 8100 Hamil- 
ton Avenue, Cincinnati 31, Ohio &A-2 

Malone, Jack C., 1937 West Mulberry, San Antonio, Texas 39A-2 

Malone, Jack H., 301 West Perry Street, Demopolis, Alabama 
0A-1 

Malone, John D., 5001 Relleum Avenue, Cincinnati 38, Ohio 
&M-4 

Malone, M. A., 1077 Lawton Road, Park Hills, Covington, Ken- 
tucky O0A-3 

Malone, Richard W., 27 Smith Street, Ware Shoals, South Caro- 
lina 0M-3 

Maloney, Robert F., 2813 Fairlane Drive, Doraville, Georgia 
6A-2 

Maloney, Robert F., 2800 Thirteenth Avenue, North, St. Peters- 
burg 13, Florida 91A-2 

Maloy, Joe B., Jr., 5342 Denwood Avenue, Memphis 17, Tennessee 
28M -4 

Manasse, Chanan F., 857 Coles Street, Maywood, New Jersey 
61M-4 

Mancheski, Frederick J. 1137 Lake Street, Wilmette, Illinois 
25M-4 

Mandel, Daniel, 1448 Canterbury Road, Lakewood, New Jersey 
61M-4 

Mandeville, H. C., The Procter and Gamble Company, P.O. Box 
201, Cincinnati 24, Ohio &M-4 

Mandic, Walter, Link Aviation, Incorporated, Nowlan Road, 
Hillcrest, Binghamton, New York 96A-/ 

Mandis, George A., George A. Mandis and Associates, 6 Wooleys 
Lane, Great Neck, New York 5AF-4 

Mandula, Michael J., 1121 West Eleventh, Gary, Indiana 53A-! 

Manelski, Denis M., Shell Oil, Organization and Methods, Aper- 
tado 809, Caracas, Venezuela OA-! 

Manente, Robert M., 234 Sierra Drive, S.E., Albuquerque, New 
Mexico 

Manes, James, 205 Kirk Street, Monessen, Pennsylvania 3M-3 
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Manko, Dennis, 4870 Ross Drive, Pontiac, Michigan 47A-/ 

Manley, Robert A.. 7014-B Park Drive, Warwick, Virginia 99A-2 

Mann, Harry G., Personal Products Corporation, Milltown, New 
Jersey 61A-2 

Mann, James N., 1660 Valencia Road, Decatur, Georgia 6A-2 

Manning, Herbert L., Head, Department of Industrial Engineer- 
ing. Virginia Polytechnic Institute, Blacksburg, Virginia 
SIM-3 

Mannion, Francis L., 224 East Fortyv-sixth Street, Savannal, 
(;eorgia Z6A-/] 

Mansfield, Don R., 6701 Ash Place, Gary, Indiana 53M-3 

Mantooth, Jess C., Jr, 219 South Bireh, Sapulpa, Oklahoma 
ISA-] 

Manzo, John A. Jr. 444 Westwood 
New Jersev 

Maphet, Ronney D.. 2618 Tannehill, Houston &, Texas 22A-/ 

Mappen, Howard, 114 Franklin Street, Morristown, New Jersey 
61M-4 

Maraist, Paul W., 4426 Reading Lane, Cincinnati 20, Ohio &M-/ 

Maras, Chris E., 265 North One Hundred Twelfth Street, Wauwa- 
rosa 13, Wisconsin 

Marbut, Robert {; 113 Juniper Chrel Wind-or kore Savannah, 


Avenue, R Westwood, 


(,eorgia 

Marcantognini, Joseph T., 1320 Chelsea Avenue, Bethlehem, Penn- 
evivania 77 A-2 

Marchbanks, Jerry L. 141 North Drive, San Antomo, Texas 
994.7 

Mareim, Walter J. Emerson Eleetrie Manutacturing Company 
8100 Florissant Avenue, St. Louis 21, Missour: J6M-/ 
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